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For over 60 years 


this. trade mark has stood for speed and 


strength in reinforced concrete work. 


DRAGON 


(Brand) 
PORTLAND CEMENT 


Supplied by 
THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD. 
PENARTH, SOUTH WALES 


Telephone : Penarth 300 Telegrams: “ Cement, Penarth” 
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Built in 6 days with Prometo Forms 


This 100-foot high silo for the Liverpool Grain 
Storage and Transit Company Ltd., took exactly six 
days and nights to build. The Prometo Moving Forms 
rose under hydraulic pressure at a rate of 
17-ft. per day. William Thornton are the 
sole U.K. licensees for this Swedish 

method of rapid and reliable 


monolithic construction 
in concrete. 
William THORNTON & Sons Ltd 
38 WELLINGTON ROAD - LIVERPOOL 
LARk Lane 1921 (4 lines) Telegrams: ‘“Thornpoo!l Liverpool” 
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VOGT 


cutting shears 





These shears have been specially 
produced for those engaged in 
prestressed concrete work. 
Easy to use, speedy, economical, 
the VOGT CUTTING SHEAR 
can always be depended 
on to give a trouble-free 
performance. 




















for *200 in. 
prestressing wire 


Sole Agents for United Kingdom 


0. A. VOLKMANN, 3 ST. AUGUSTINE’S ROAD, BIRMINGHAM 16 
Telephone : Edgbaston 1353 











PIN YOUR FAITH 
TO THE TESTED 
BRAND. 





THIS LABEL ON 
EVERY BARREL 
CARRIES WITH IT 
FIFTY YEARS’ 
EXPERIENCE OF 
MANUFACTURE. 


NONE OTHER IS 
“JUST AS GOOD” 


THE LEEDS OIL & GREASE CO. 


Phone 22480 LEEDS, 10 ’Grams: “Grease.” 


_— — - = === 
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hammer blows a minute 
from your electric drill! 


Brief specification: 
The best operating 
speed is between 
1500-2000r.p.m.and 
the Electric Drill 
should have a 





minimum }" chuck. 
Capacity: Rawlplug 
Hammer Drills 

No. 3H (4" diameter) 
to No. 20H (" 
diameter). Weight 
2] bb. 


Pee, 7) vet 


DRILL-HAMMER 


Turn an ordinary electric drill into a sturdy hard-working power 
hammer, simply by slipping a Rawlplug Drill-Hammer into the chuck! This 
'N ingenious device converts rotary motion into percussion—one blow per rev. of 


“a 














EL the drill ; with it you can bore concrete, etc. (up to #” holes), at really surprising 
IT speeds. Weight of blows adjustable to ‘ light’, ‘ medium’ or ‘ heavy ’. 
Ss’ The Rawiplug Drill-Hammer is light and easy to use, yet has ample strength 
> F j for long service and the severe treatment of practical conditions. An automatic 
: } clutch ensures that percussion takes place only when the tool is pressed against 
; | the masonry. 
is | This tool will save you a lot of time and money— 
>) ” 
Write now for illustrated folder containing full technical details. 
} 
§ THE RAWLPLUG COMPANY LIMITED - LONDON : S.W.7 
e.” B474 
pce 
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Steel 
Reintioreement 


..- bent... bundled... labelled 


Delivered to site ready for fixing « 
No loss of time in checking and sort- 
ing material « No loss of material 


due to prolonged storage on site « 


A compiete service of 
DESIGN, FABRICATION AND FIXING 
fer all types of Reinforced Concrete 


Construction. 


f.¢6. JONES 


AND CON PANY Liniteo 


REINFORCEMENT ENGINEERS 


HEAD OFFICE: WOOD LANE, LONDON, W.1!2 . Telephone : SHEpherds Bush 2020 THe 
SOUTH WALES OFFICE: 

2 PIERHEAD CHAMBERS, BUTE STREET, CARDIFF . Telephone : Cardiff 28786 
REINFORCEMENT DEPARTMENT: 

17 BUCKINGHAM PALACE GARDENS, LONDON, S.W.! . Telephone : SLOane 527! G+ compan: 
WORKS: Shepherds Bush, London. Neasden, Middlesex. Treorchy, Glamorgan el 


All reinforeement enquiries please, to: 17 Buckingham Palace Gardens, Lenden, $.W./ 
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COSTAIN CONCRETE CO. LTD. 


DUNCAN HOUSE, DOLPHIN SQUARE, LONDON, S.W.1. 


TELEPHONE :— VICTORIA 3172/4 


for 
High Quality 
Precast and Prestressed 
Concrete 











LONDON UNIT FACTORY 

Stahlton Lane, Southend Arterial Road, 
Childerditch, Nr. Brentwood, Essex 
Tel. : Herongate 317 


SCOTLAND 
COLTNESS FACTORY 
Newmains, Lanarkshire 


Tel. ; Motherwe!l 880 


LANCS. YORKS. & MIDLANDS 

R. Costain & Sons (Liverpool) Lid., 
Barlows Lane, Fazakerley, Liverpool 9 
Tel. : Aintree 4141/5 


WALES 


Cowbridge Road, 
BRIDGEND, Glamorgan 
Tel. : Bridgend 961 
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ROLLER and ROCKER 
BEARINGS for CONCRETE 


BRIDGES and STRUCTURES 


Consulting Engineer: 
Donovan H. Lee, B.Sc. (Eng.), M.1.C.E. 





All types can be supplied, including multiple roller bearings 
with rockers, single roller bearings, rocker bearings and 


hemispherical bearings. 


JOSEPH WESTWOOD & CO. LTD. 


Bridge and Constructional Engineers, Manufacturers of Mechanical Grabs, 
Pressed Steel Troughing and Sheet Metal Equipment. Steel Stock Holders. 


NAPIER YARD, MILLWALL, LONDON, E.14 
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POWER 
BAR CUTTERS 


The BRRL.5SA model, illustrated above, will meet all require- 
ments for high speed, economy, and simplicity of operation. 
This high-speed shearing machine will cut mild steel rods up 
to 2 in. diameter. It is of robust construction yet portable 
in view of its compact arrangement, and is powered by 
electric motor and self-tensioning Vee-belt drive. The mov- 
ing blade is in continuous action and makes 28 cuts per 
minute ; 2-in. diameter bars require one cut only. The 
static blade is housed in a specially designed seating which 
spreads the shearing thrust over a wide area, thus reducing 
wear and considerably lengthening the life of the machine. 
Let us send you full details, 





CEMENT & STEEL, LTD., SECOND AVENUE, CHATHAM, KENT 


Telephone: Chatham 45580. Telegrams: Cembelgi, Chatham, 
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An Electrically Driven PC3 Concrete 
Pump with remixer. Capacities from 20 
to 24 cu. yds. per hour. Ranges actually 
obtained 135 ft. vertical or 1,500 ft. 
horizontal. Also smaller model PC4— 
8-10 cu. yds. per hour. 


FOR SALE AND HIRE 


EFFICIENT RECONDITIONING SERVICE 


CONCRETE 
BY PUMP AND PIPELINE 


@ The latest and most efficient method of placing concrete. 


@ Life of Pump practically indefinite : all essential surfaces in contact with concrete 
are renewable. 


@ Pumpable concrete must of necessity be good concrete. 


@ Pump and Mixing Plant can be located at the most convenient position within 
the pumping range. 


@ The continuous output of the Pump at a constant speed governs the working 
of the whole concreting gang. 


THE REGISTERED TRADE MARK OF ( PUMPCRET ) THE CONCRETE PUMP COMPANY LIMITED 


ONCRETE Pump ComPANy 
4STAFFORD TERRACE,L 








ONDON, W.8 


Telephone: Western 3546 Telegrams: Pumpcret, Kens, London 
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FOR THE 


EASTERN GAS BOARD AT A LARGE LONDON GAS WORKS 








ad te OO MD 


ROMNEY HOUSE, TUFTON STREET, LONDON, S.W.1 


TELEPHONE ABBEY 736! 
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Ducts for stressed Tu 8B 

concrete. . .labour | fe G 
saving . . . easy to install 

. . outer corrugation 
gives a perfect bond to 
the surrounding concrete 
. . . the inside of the 
tube is smooth to facili- 
tate the passage of bars 
or cables and allows 
free flow of grout. 


in 3” up 
id. 

As approved and 
supplied for the 
Lee-McCall, Freyssinet 
and Gifford—Udall 
systems. Also suitable 
for other systems 

and designs, 


Supplied 
to 6” 


“ 


; 


: 


HUOESSE 
GOOEHEE 


Supplied 
UNI-TUBES LTD Enquiries to London Office: : ae 
0 leadin 
9 South Molton Street, W.1 Telephone: Mayfair 7015 8 
contractors 
Works: Alpha Street, Slough. Telephone: Slough 25476 8 
throughout 


the world. 
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Interesting and Useful 
Information about Concrete 
Ts 
pe LUTPROOING 
A.3 HOON 
=< \ ROEM 


‘ somes cull 
x Tet 
hp ROME 


Colemanoid was used to waterproof this 
retaining wall of the Daily Express building, 
in Fleet Street. 

















Colemanoid is a liquid chemical compound which when added to 
the gauging water will increase the compressive and tensile strength 


of the concrete by as much as 35%. It will also proof it against 
oil, water, damp and dust and frost. In certain situations—garages, 
: boiler surrounds, public buildings—oilproof concrete is essential. 


Colemanoid is your answer—so quick—so effective. 


| COLEMANOID 


A Product of the Adamite Company Ltd. 


d. 94-98 PETTY FRANCE, LONDON, S.W.! ABBEY 951! 


2s 
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Contractor: John Mowlem & Co. Ltd. for the Telegraph 
Construction and Maintenance Co. Ltd., Metals 


a 
perfect 
roof... 


by 
JOHN MOWLEM 
& C0. LTD 


Span 40 feet, length 120 feet, radius 
30 feet . . . and its finish is fault- 
less! How was this achieved? By 
the use of Thamesply Plywood 
Shuttering, the smoothest, lightest, 
most economical shuttering of all. 





Division, Manor Royal, Crawley. 
Architect: The late Arthur H. Russell Esq., A.R.I.B.A. 


the result of 





PLYWOOD SHUTTERING 


wits ~ Gen ded ““W.B.P.’ 
s Weather tnd’ Boil Proof 


Supplied only through the usual trade channels 


THAMES PLYWOOD MANUFACTURERS LIMITED 


Harts Lane * Barking * Essex * Telephone: Rippleway 5511 





TA 8636 
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STRAND COMPREHENSIVE 
HIGH SCHOOL, BRIXTON 
Client : London County Council 


Architect : 
J. L. Martin, Esq., M.A., Ph.D. F.R.1.B.A. 


Schools Architect : 
The late S. Howard, Esq., L.R.I.B.A. 


Structural Engineer : 
J.H. Humphreys, Esq., A.M.I.C.E,, A.M.1.Struct.£. 


RUSH & TOMPKINS LTD. 


Building and Civil Engineering Contractors 


SIDCUP . LONDON ° DURBAN ° EDMONTON, ALBERTA 
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ELECRETE 


HYDRAULIC 


/.) CONCRETE 
TIPPER 


Designed for strenuous full- 
time work on all kinds of build- 
ing sites, the Telecrete has been 
proved both efficient and econo- 
mical for transporting ready- 
mixed concrete from a central 
mixing plant. The sturdy 
hydraulic controls are easy to 
operate. Ideal for public works 
contractors. 

















Illustrated literature available 
on request. 


TELEHOIST LIMITED 
TELEHOIST WORKS + CHELTENHAM ~- GLOS 
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The bigger the project, the wiser it is to let Wates 
build. For Wates’ system of close architect-owner- 
builder collaboration pays big dividends. Pre-planning 
solves in advance the problems that can cause delay and 
extra expense. Pre-planning gives you your building in 
the quickest time, without fuss, and within your budget. 


Ideas become concrete when 


WATES ER ataS 


WATES LTD Building & Civil Engineering Contractors 
HEAD OFFICES * 1258/1260 LONDON ROAD ~ S.W.16 * Telephone: POLlards 5000 
Mt) LONDON DUBLIN NEW YORK 
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Seven 
shillings 
well spent 


If one is a technician taking a pride in | 
his job, seven shillings is not a great 
sum to spend on technical information 
which will help him to even greater 
proficiency. If his work happens to be 
building with reinforced concrete, he 
will certainly want to know the results 
of the investigation into the durability 
of reinforced concrete in buildings, 
carried out in 1954 by Dr. Hamilton 
of DSIR and Mr. Bray of the Cement 
and Concrete Association. And he will 
also be interested in the note on the 
history of reinforced concrete in build- 
ings, written by Dr. Hamilton as a com- 
panion to the investigation report. In 
fact, he will take the first opportunity 
to ask his bookseller to get him Special 
Reports Nos. 24 and 25 in the National 
Building Studies series. Each publica- 


tion is fully illustrated and costs only ‘STABI &y BINDERS 
3s. 6d. Alternatively he can order them 





direct from the nearest Government ARE GREAT LABOUR SAVERS 
Bookshop, enclosing an extra 2d. each 

for postage. In this case, of course, he In one simple action they fix reinforcing 
will also ask for a free copy of Sectional rods as though welded. No slipping. 
List No. 3, in which he will find listed all No “fiddling” with wire. No tools to 
the available publications from the get mislaid. Any workman can use them. 
Building Research Station. Made in all sizes for binding 4-inch up 


to 1}-inch rods. Give “Stabil” Binders 
a trial and judge for yourself. 


iH iM iS (e) | @ SEND TO-DAY for demon- 


stration samples and prices. 


The Government Bookshops HUNTLEY & SPARKS L™ 


DEBURGH RD., S. WIMBLEDON, S.W.19 
Phone: Liberty 2446 
@#eeeoe2eo2e20202060808000 A ER AES 
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The Drayton }-Ton Diesel Dumper—backed by a 
first-class after Sales Service. This model is built for 

hard work—rugged in construction and reliable in 
| = operation. Speedy too! Saves time and money. 


Every job costs less. 


Drayton % ton Diesel Dumper 


Centrally pivot- . .. incorporates all modern developments 


in small-dumper design. Maintenance is 

cut to a minimum, and the all-round 

efficiency of this latest introduction makes 

this Dumper a valuable and indispensable 

addition to modern building 
requirements. A larger 1-ton 
model is also available in- 
corporating all the advantages 
of the machine illustrated 
above. 





ted rear steering 
axle ensures 
good ground ad- 
hesion over 
rough “ going "’. 















The ‘ Drayton "’ will 
climb a steep gradient 
loaded or empty. 





Heavy duty “* Salisbury "’ 
drive axle with differen- 
tial is standard equip- 
ment, 






Equipment in- 
cludes Petter 
A.V.A.1 diesel 
engine ade- 
— housed. 
ushioned 

shock-absorbing 





ROAD MACHINES 


(DRAYTON) LIMITED 
trial three-speed 


gearbox. , WEST DRAYTON, MIDDLESEX 
PHONE: WEST DRAYTON, 3221/2/3 
GRAMS: ‘ROADMACH’ WEST DRAYTON 





Makers of the “SWING WEIGHBATCHER ” and the “MONO-RAIL TRANSPORTER ” 
B 
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-LENSCRETE 


GLASS AND FERRO-CONCRETE 













CONSTRUCTION 


LENSCRETE LTD. 


RCUS ritis isies. 
— S.W.8 of th 
; e Bri 
TELEPHONE : MACAULAY 1063 Dominions 0) Scene 


GUNUIPTE 


SPECIALISTS 
Wu. MULCASTER 


& CO- (CONTRACTORS) LTD. 


We invite inquiries 
for new OF old structures of every 


of the country. 
































for Gunite Linings and Renderings 
kind in any part 


HASLINGTON CREWE 


Telephone : Crewe 2265-6. 








———— 








1957. 
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CONSTRUCTION 


AND BUILDING 


CONCRETE 


REINFORCED 


ENGINEERING 


CiviL 


CONCRETE AND CONSTRUCTIONAL 


Evidence of 
constructional achievement 


An extensive use of reinforced concrete, housing 
Cadbury's most up-to-date factory, is evidence 
of the faith placed in Monk by a universally 
known organisation—it is also evidence of a 
foundation laid by a company equipped 

with constructional and engineering skill 
attuned to the requirements of tomorrow. 





ENGINEERING xxi 





Architect: 

C. J.Wilkinson Esq., 
L.R.LB.A. 

Messrs.Cadbury Bros. Ltd. 

RC. Design: 

“Twisteel” Reinforcement 

Company Ltd. 


Equipped for every class of Building and Civil Engineering work. 











Warrington and London 





A. MONK & COMPANY LIMITED 








Head Office: 

Padgate, Warrington. 
Tel: Warrington 2381 
London Office: 

75 Victoria Street, 8.W.1. 
Telephone: Abbey 2651 
Offices at: Stamford, 

Hull & Middlesbrough 
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= WTS = B TRUCK MIXERS 


and Batching Plants for 
scientific and economical mixing 
and placing of concrete. 


















EXCAVATORS 
MOBILE CRANES 
CONTRACTORS PLANT 


WATER CONTROL 
RAILWAY 


RANSOMES & RAPIER LIMITED 
IPSWICH and LONDON - ENGLAND 


COPPER STRIPS 


for expansion joints 


All Reinforced Concrete 
Engineers recognise the 
advantages of using copper 
strips for sealing joints in 
concrete work. Copper 
is ductile, will not crack 
under repeated bending, is 
non-corrosive and is un- 
affected by wet concrete. 
We specialise in the supply 
of perforated copper strips 
of all required lengths and 
widths for expansion joints, 
and shall be pleased to 
submit prices against de- 
tailed specification. 


ALEX J. CHEETHAM LTD. 


MORTON STREET - FAILSWORTH - MANCHESTER 
Telephone : FAiLsworth 1115/6 DS. 14 
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FRANKIPILE 


iff 


FRANKIPILE 


‘Leal 


FRANKIPILE 


bh 


Provence 
ee 


proble 


FRANKIPILE 


A Shell photograph 


THE FRANKI COMPRESSED PILE CO. LTD. - 39 VICTORIA STREET LONDON SW! 
CABLES - FRANKIPILE SOWEST LONDON 


AND IN AUSTRALASIA - BRITISH WEST INDIES - IRAQ - RHODESIA - S. AFRICA 
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VARIABLE 
GRID 
WINDOW 
at 


Willenhall 
Comprehensive 
School, Staffs. 





A. C. H. Stillman, Esq., F.R.1.B.A. 
County Education Architect 


Reinforced Concrete and Glass 
181 Queen Victoria Street, E.C.4 
J. A. KING & Co. tp. Telephone: CENTRAL 5866 (5lines) 


For Greater Strength, Firmer Bonding 
and Better Surfacing of Concrete— 


eBYASX STU jy 


Extra-High Frequency 
INTERNAL CONCRETE VIBRATORS 


@ The model illustrated here operates 9,000 to 
15,000 Vibrations per minute from low flexible 
shaft speeds of 4,500 to 7,500 R.P.M. 

@ Petro! or Electric Drive. 

ee Robustly built throughout and backed by 
genuine service. 


@ Fitted centrifugal clutch, long-life flexible drive 
and Vibrator. 


This unique machine, with quick-change additional 
i ti tools, can also be used for: SURFACING, WET- 
Model VP 250-0 (Gwivel Base or Barrow Mownsing) RUBBING CONCRETE, GRINDING, DISC SAND- 
Poe eee ee Teeny Competitive Prices. Genuine ING, AND DRILLING (up to 12” in Concrete, 1” in 
Steel, and 2” in Wood). 


se We operate a 48-hour Shaft Repair Service for all makes. Write — for 8-page fully descriptive 
Catalogue. Agents throughout the world 
30 years’ experience in the design and manufacture of flex-shaft tools. 


THE FLEXIBLE DRIVE & TOOL L Co., LTD. 
EDENBRIDGE, KENT. Tel 
LONDON OFFICE: 17 QUEENSBERRY WAY. SW7.. Telephone : KENsington 3583 


m4mnmouprda 
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Expamet 
Reinforcements 
for concrete 


The large range of ““Expamet”’ 
Reinforcements provide a wide 
choice to suit all types of con- 
crete construction. There are 
more than 100 standard varia- 
tions and weights in ““Expamet”’ 
Reinforcements from under 2 Ib. 
to over 30 Ib. per square yard. 


““Expamet”’ Expanded Steel Sheet 
Reinforcement ; ““Expamet”’ 
Welded Fabric; Super “‘Ribmet’”’ 
and other specialist materials 
can be adapted to meet reinforce- 
ment problems of all kinds, 

from solid slab decking and 
hollow floors, to light shell 
construction such as barrel vault 
and dome roofs. They are just 

as effective reinforcing concrete 
in precast units as in sea 

defence works. 


We provide a complete Rein- 
forcement Service for the design 
and supply of Reinforcement 
for all kinds of civil and 
constructional engineering. 


“*Expamet”’ Reinforce- 
ments are manufactured 

to comply with the 
British Standard 1221. 


Expamet 


Expanded Metal Products 


THE EXPANDED METAL 
COMPANY LIMITED 

8a Burwood House, Caxton Street, SW1 
Telephone : ABBey 7766 


Works: West Hartlepool 


Also at: ABERDEEN * BELFAST 
BIRMINGHAM * CARDIFF * DUBLIN 
EXETER * GLASGOW * LEEDS 
MANCHESTER * PETERBOROUGH 
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No. | METALLIC LIQUID 





In the new KODAK factory! 


Kodak, the world’s leading manufacturers 
of cameras and photographic equipment, con- 
tinue to develop their vast organisation. Their most 
recent building project is a new factory at Stevenage— 

a picture of brightness and unrestricted space. Ideal con- 
ditions for precision work of high quality have been assured by 
mixing No. 1 Metallic Liquid in the floors to make them hard, 
waierproof, non-dusting and capable of withstanding heavy wear and tear. 


For nearly fifty years, architects have specified No. 1 Metallic Liquid, the scientifically prepared 
admixture that makes concrete completely waterproof and dustless as well as accelerating the setting 
time. No.1 Metallic Liquid is a necessity for waterproof cement renderings to walls and basements, 
mass concrete in retaining walls, foundations, flat roofs and tanks. You can rely on Lillington’s 
No. 1 Metallic Liquid to give complete satisfaction because IT IS SOLD UNDER A GUARANTEE. 


From Special Prices 
si- Lillingtons for Large 
per Gallon 1 METALLIC LIQUID Contracts 





WRITE FOR BOOKLET 56 GIVING FULL DETAILS 


GEORGE LILLINGTON & CO. LTD. 
WILLOW LANE, MITCHAM, SURREY Telephone: MiTcham 1066 
FOR SCOTLAND: 42 HIGH STREET, GREENOCK 
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High frequency poker type concrete vibrator 


With vibrating motor actually 
built into the poker, the Johnson 
Multibrator dispenses with flexible 
shaft drive between motor and 
poker. Using low voltage, it 
can be operated at any distance 
up to 300 ft. from prime mover. 
Four 2}” diameter pokers or two 
3%” diameter pokers can be 
operated by standard Multibrator 
Frequency Changer. Special 
Frequency Changers operate 43” 
pokers. The Multibrator is in- 
dependent of petrol or fuel oil. - 


Where current is not available. 


Where no electric power supply 
exists, a diesel-driven Alternator 
can be used. 
These alterna- 
tors have simi- 
lar performance 
characteristics “"\ 
to the Free ““\\ 
quency Chan- ’ 
gers. ~~ 
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See our advertisement on page xlii 


D Send for fully illustrated leaflet No. CCE/3/0899. 
‘ C. H. JOHNSON (MACHINERY) LTD. - ADSWOOD - STOCKPORT - CHESHIRE 


Tel. : STOckport 2642/5.Grams: ‘Machinery’ Stockport. London: Prospect 7671. Glasgow: Kilmacolm 558 


n 1066 
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Reconstruction and widen- 
ing of Commercial Road, 
Portsmouth, a reinforced 
concrete road reinforced 
with Matobar. Construc- 
tion by City Engineer's 
Department, City of Ports- 
mouth. 






M'‘Calls 


ATOBALR "et Fabric Reinforcement for Roads 


* 


Another road improve- 
ment scheme using Matobar 
reinforcement. Trunk road 
Al at Woolfox corner. 
Authority : Rutland County 
Council. County Surveyor : 
. * L. Sellick, M.I.Mun.E., 
1.H.E. Contractor : G.C. 
puis Ruskington, Lincs. 


REINFORCEMEN 


ALLS 


McCALL& CO. (Sheffield) LTD. 
Templeborough: Sheffield « P.O. Box 41 


Tel. : ROTHERHAM 207 (P.B. EX. 8 LINES) 
LONDON OFFICE: 8-10 GROSVENOR GARDENS, S.W.1. Tel. : SLOANE 0428 
Also at Birmingham and Portsmouth 





SRB6O 
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Royal Mint St. 
Widening. Photo- 
= graph by permission 
of Civil Engineer, 
King’s Cross, 


B.R. Eastern Region. 


ANOTHER 


I \ \\ é, : y ‘ \ \ \\ Anglian Prestressed 


Products are in use 
throughout the U.K. 
Pp R E STR E S SE D on many projects. 
RAIL BRIDGES 
PRODUCT ROAD BRIDGES 
PYLONS, PILES 
SHEET PILES 
ROOF AND FLOOR BEAMS 


ANGLIAN BUILDING PRODUCTS LTD. 


16 ® LENWADE 1I5 NORWICH. TEL.: GT. WITCHINGHAM 291 
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Eskimo weather never puts us out 
..eeeewe use Evoset! 





It wasn’t long ago when-me and my very little and besides acting as a 
mates could reckon on being stood complete frost protective it speeds 
off anytime from November to up setting and reduces mixing 
March. But this new Evoset stuff ratios. We carry on with con- 
has altered all that. We make it a creting, screeding, rendering and 
rule now to add a drop to all our bricklaying even when the ther- 
cement and concrete mortar gauging mometer’s frozen stiff. 1 tell you, 
mixture. Well, you see, Evoset costs Evoset's just the job! 


This Evoset brochure is yours for the asking. Write today. 





EVOSET — all set in any weather Pin business card here or write your @ 
NAME 
ADDRESS 


A DIVISION OF EA ROEDER | OF STAFFORD COMPANY 


Building Manual and details will be sent 
by return 








EVODE LTD. (Building Chemicals Div., COMMON ROAD, STAFFORD 
TELEPHONE: STAFFORD 2241 © LONDON OFFICE: |, VICTORIA STREET, S.W.!. ABBey 4622 
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BORED PILES FOR THE N.F.U. 
KNIGHTSBRIDGE SITE 





The heavy foundation loading from this building made normal footings for 
the columns out of the question—a condition frequently obtaining to-day 
when higher buildings are permitted. Piling was necessary and the close 
proximity of other buildings, including a Hospital, precluded the use of 
heavy driving equipment with its accompanying noise and vibration. 


Cementation Bored Piles were selected by competitive tender and the 
foundation work was completed very successfully notwithstanding the 
difficult ground conditions unexpectedly encountered. 


4 


BENTLEY WORKS 














TATION DONCASTER 


Pa\s) = Lh 
COMPANY LIMITED 


ee 


Tel. : Don. 54177-8-9 


London Office: 20 ALBERT EMBANKMENT, S.E.I1. Tel.: RELiance 7654 
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Those URGENT jobs! 


Ff-you want to 
use concrete in 
less than 24 hours 
you. must use Fondu 


When it’s a question of usable strength at real speed no other type of 
cement can approach CIMENT FONDU. 

Many concreting jobs can be put into tise even in a few hours ; 24 hours 
is the maximum waiting time. 

CIMENT FONDU-is not “ quick-setting ” and gives ample time for 
placing ; considerable strength develops after about 6 hours. 





Please ask for leaflet “ Between Dusk and Dawn” 


I siya 


FON [) UJ FOR SPEED - STRENGTH 
RESISTANCE ‘ REFRACTORINESS 
SS Kept. Trade Mark | 





ALU MINOU ENT 


Manufactured by 


LAFARGE ALUMINOUS CEMENT COMPANY LIMITED 
73, BROOK STREET, LONDON, W.I. Telephone: Mayfair 8546 


aP3/1385 




















seein ie 
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speed-up the 
contract with 





supplied cut to required 
lengths or bent to 
schedule ready for fixing 


This service has an excellent reputation in the 
reinforced coricrete industry for accuracy in 
bar-bending to schedules, reliability, prompt 
delivery to the site, and economy. Quotations 
submitted at short notice for contracts of all 
sizes in any part of the country. 


PASHLEY & TRICKETT, LTD. 


Stoke St., Sheffield, 9. Tel: 41136-7 








TARSLAG 





Wolverhampton - Rotherham 


Stockton-on-Tees 
ee re 














WHITLEY MORAN 


— the name to remember 
for GUNITE REPAIRS 
to reinforced concrete 
structures. 





The illustration below shows a factory 
building, 500 ft. by 60 ft. by approximately 40 fr. 
high, reconditioned externally with reinforced 
Gunite for the Carborundum Company Ltd. The 
building now has the same expectation of life as a 
new structure. Engineer: Mr. F. W. Swann, Chief 
Engineer, The Carborundum Company Ltd., Trafford 
Park, Manchester. 





A structural repair needs no less skill and 
careful planning than does a new construc- 
tion. The systematic repair—based on a 
precise and correct diagnosis of the root 
causes of the defects—lasts a generation ; 
the rule-of-thumb repair has to be repeated 
every few years. We have specialised for 
over twenty years in the repair of defects 
in structures, and our casebook shows 
conclusively that the planned repair is by far 
the most economical in the long run. May 
we place our extensive experience at your 
disposal ? 


WHITLEY MORAN 
AND COMPANY LIMITED 
Specialists in the Repair of 
Engineering Structures 
5 OLD HALL ST., LIVERPOOL, 3 
Telephones : CENTRAL 7975-6 
Telegrams : GUNITE, L’POOL, 3 


Our descriptive leaflet 
** THE GUNITE PROCESS ”’ 
is sent free on request 





























| 
| 
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Prestressed Concrete Duct Grouting 


: NORTHAM BRIDGE - SOUTHAMPTON 
x} 

Fi Precast Sections Prestressed together by Freyssinet 

g System and Cable Ducts Colgrouted 

: 


Consulting Engineers: 
Rendel, Palmer & 
Tritton. 





Contractors : 
Christiani & Neilsen 
Limited. 





Telephone: EMBerbrook 3300 (4 lines) 


Taree eaewrP, * 


Mobile Grouting Units with skilled operators 
are available in the United Kingdom at a fixed 
daily charge. Upwards of 60 ducts usually 
grouted per day on site. 


Colcrete Equipment is used extensively for 
the grouting of Post-Tensioned Prestressed 
Concrete Cable and Bar Ducts. Both hori- 
zontal and vertical ducts can be filled com- 
pletely and sealed off under controlled 


7 pressures of up to 125 p.s.i. using sanded 





grout or expansile cement slurry or slurry 
with low water/cement ratio. 





* 


PLANT SOLD J @L@) MG) 4-5 8 ae BR 


OVERSEAS 








GUN LANE - STROOD -: KENT ~~: Tel.: Strood 78431-2-3 
© 
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From start to finish—Research ensures 
the high quality of all Blue Circle Products 


















Every year the Blue Circle Group spends 

: over £300,000 on research and development. 
From the preliminary geological 
investigations to the testing of the finished 
product nothing is spared to ensure that 
the Blue Circle is always the symbol of the 
highest quality. 








LEFT Extensive geological investigations are carried out before sites 
are selected for raw materials. 

BELOW Nearly 30,000 concrete cubes are tested annually to ensure 
that Blue Circle Cements give the highest strengths. 








Selling organization of The Associated Portland Cement Manufacturers Ltd., 
The British Portland Cement Manufacturers Ltd., Alpha Cement Ltd., 
Portland House, Tothill Street, London, S.W.!. 
Suppliers of Blue Circle Portland Cement, Ferrocrete,'417’ Cement, Sulfacrete, Snowcem Cement Paint, etc. 


BRITISH CEMENT IS THE CHEAPEST IN THE WORLD 





1.33 
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FOR SAFETY, SERVICE AND SATISFACTION 


MILLS SCAFFOLD CO. LTD. (A Subsidiary of Guest, Keen & Nettlefolds Ltd.) 
Head Office: TRUSSLEY WORKS, HAMMERSMITH GROVE, LONDON, W.6. RIVERSIDE 301! (10 lines) 


Agents and Depots : 
BELFAST - BIRMINGHAM - BOURNEMOUTH -: BRADFORD - BRIGHTON : BRISTOL - CANTERBURY 
CARDIFF - COVENTRY « CROYDON + DUBLIN - GLASGOW : HULL -: ILFORD - LIVERPOOL 
LOWESTOFT - MANCHESTER - MIDDLESBROUGH - NEWCASTLE - NORWICH - PLYMOUTH 
PORTSMOUTH - PRESTON « READING « SHIPLEY - SOUTHAMPTON - SWANSEA : YARMOUTH 





xxxviii CONCRETE AND CONSTRUCTIONAL ENGINEERING FEBRUARY, 1957- 








MARLEY 
‘G’ type euldiness KY 


> good appearance 


» speed, adaptability 
> no maintenance 


» first cost is last cost 





> Marley ‘G’ type buildings offer clear spans MARLEY CONCRETE LTD 
up to 50’ and a wide range of heights. We Peasmarsh, Guildford, Surrey 


can erect and roof: your contractor can gin Ockendon 4” ted 
handle normal builders’ work. Write p Essex Sth. Ockendon 2201 


to Department AE.2 at your nearest Shurdingtoo, Nr. Cheltenham 

. . ~~ 
branch for full details or for technical woterioo, Poole, 334/5 MARLEY 
representative to call. Brosdtene 626 Pa Tada s: 











57° 





'D 


UCTS 


Pn, 
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RANALAH 


STEEL MOULDS 








Sea Defence Mould, shown by kind permission of Brighton County Surveyor. 


Solidly constructed Standard Moulds of many types from stock or specially 
made to your drawings. Speedy and competitive. Kerb, Garden Edging, 
and Coping Moulds to B.S. 340-1950. We make a speciality of the prompt 
delivery of radius kerb moulds. Other moulds ex stock or in a few days. 


Send for illustrated catalogue of standard moulds. Accurate and very 
strongly made. 


RANALAH 


SI EEL MOVCOS CTATrev 


43, DEVONSHIRE PLACE - BRIGHTON ~- SUSSEX + Tel.: 22/91/3 
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Reinforced Concrete Cast Stone 


DESIGN AND CONSTRUCTION AND PRECAST CONCRETE 


Floors Granolithic Pavings 
IN SITU AND PRECAST 


Staircases 
IN SITU AND PRECAST 


STUART'S 


GRANOLITHIC CO. LTD. 


FOUNDED 1840 

















LONDON EDINBURGH 
105 Baker Street, W.1. 46 Duff Street. 
Telephone : Welbeck 2525/6. Telephone : Edinburgh 61506. 
BIRMINGHAM MANCHESTER 
Northcote Road, Stechford. Ashton Road, Bredbury, Stockport. 
Telephone : Stechford 3631/2. Telephone : Woodley 2677/8. 
7 A i? i 
for compacting mortar cubes 


for Compression Test B.S. 
12/1947, B.S. 915/1947, 
B.S. 146/1947, B.S. 1370/ 
1947. New type automa- 
tic control—optional. The 
vibrator illustrated in the 
B.S. was built in our works. 
The ‘‘CAPCO”’ range of con- 
crete testing apparatus also 
includes Cube Moulds; Slump 
Cones ; Tensile, Vicat, and Cylin- 
drical Moulds; Tile Abrasion 
Machines ; Compacting Factor 


Apparatus. 
Full details on request. 


CAPCO (SALES), LTD. ei." ¥:.i.5 


BEACONSFIELD ROAD, LONDON, N.W.10 Telephone: WILLESDEN 0067-8 Cables: CAPLINKO, LONDON 











- 
wn 
~ 





or all 
jucts) 


INDON 
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The Best BIG 
British BAR BENDER... 


xli 






Bending a single heavy bar 


of single bars up to 2 inches diameter or a 
group of bars of combined cross-sectional 
area of 3 sq. inches, this machine, available 
with diesel engine or electric motor, has a 
world-wide reputation. 

% FOR SALE OR HIRE 


Bending a group of heavy bars toa 
large radius 


Ee? ACROW, 


Bending a group of small bars toa 
small radius 


For the fastest and most accurate bending 


Send for full descriptive brochure, prices and hire rates to :— 
ACROW (ENGINEERS) LTD., SOUTH WHARF, PADDINGTON, LONDON, W.2 
Tel: AMBassador 3456 (20 lines) 


Branches at: Birmingham - Liverpool - Manchester - Leeds - Bristol - Newcastle - Southampton 
Swansea - Glasgow 
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WATERTIGHT 

LININGS 
LININGS 
FOR 
FOR 
TUNNELS, 

RESERVOIRS, 

SEWERS, 
SWIMMING 
TANKS. 
BATHS, ETC. 


Specialists in the Repair and Reconditioning of 
Reinforced Concrete Structures, etc. 


THE 


CONSTRUCTION CO LTD 


WESTERN HOUSE, HITCHIN, HERTS. 











WASHED 
BALLAST, SAND, SHINGLE & 


Crushed Aggregate for Reinforced Concrete 


WILLIAM BOYER & SONS, LTD. 








Sand and Ballast Specialists, 
DELIVERED DIRECT TO ANY 
CONTRACT BY MOTOR LORRY. IRONGATE WHARF, 
Quotations on Application. PADDINGTON BASIN, W. 
Telephone: Paddington 2024 (3 lines). MEMBERS OF B.S. & A.T.A. 











IMPORTANT ANNOUNCEMENT 


Johnson’s plant will run efficiently on | 
gas oil and halve your fuel bills ! | 


C. H. JOHNSON (MACHINERY) LTD - ADSWOOD - STOCKPORT - CHESHIRE 


Tel: STOckport 2642/5 Grams : ‘Machinery ’ Stockport 


See page xxvii 
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CUT YOUR CONCRETE COSTS 


with the 


A.B.MOULD 


MIXER-DRIVE SHOVEL 


ALL BRITISH DESIGN AND MANUFACTURE 


At last ! 


The perfect combination of a winch unit 
attached to and driven by the mixer, 
but operated from the press-button 


controlled shovel. 


THE BUILT-IN JIB ELIMINATES 
SITE INSTALLATION COSTS. 


(Patent applied) 





LOW CAPITAL OUTLAY RECOVERED IN TEN WEEKS 


NO RUNNING COSTS 
FITTED TO MOST MIXERS 


Ask for a demonstration from : 


A. B. MOULD & CONSTRUCTION CO., LTD. 











VULCAN WORKS, VULCAN WAY 
NEW ADDINGTON, SURREY 


Lodge Hill 2347 Telegrams : Abmould, Croydon 
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APPROVED 
FOR SITE TESTING 
on all Government Departments’ 






Contracts 


4” PRESS AND MOULD 6” PRESS AND MOULD 


in use all over the world 


MILBANK-WELLS HYDRAULIC PRESS AND CUBE MOULDS 
FOR CONCRETE TESTING 


Presses and Moulds in the 2 sizes for Testing 4 in. and 6 in. cubes 
up to 16,000 Ib. per square inch, complying with B.S. 1881. 


MILBANK FLOORS LTD. 


PRESTRESSED CONCRETE CONSTRUCTION 
RIVER HOUSE, EARLS COLNE, ESSEX. Telephone: Earls Colne 410 


Manufactured for us by Horner & Wells, Ltd., Engineers, Chelmsford, Essex. 


LDS 
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All over the world, MAXWELD reinforces it: concrete and brickwork, 
in roads, locks, factories, docks, bridges, spas and reservoirs. Do you need 
reinforcements? Call up the MAXWELD man! He'll tell you all about 
MAXWELD fabric — made to BSS 1221 Part A, closely controlled for 
quality from raw material onwards, available for quick delivery anywhere. 
He’ll tell you what type you need, how much you need, and how much it’s 
going to cost you. He’s backed by Richard Hill's Design Service, always ready to 
work out detailed plans and estimates. Call up the MAXWELD man— at 
Middlesbrough, London, Birmingham, Manchester, Leeds, Bristol and Glasgow. 


Maxweld fabric 


is manufactured by RICHARD HILL LIMITED (Established 1868) 
Newport Wire and Rolling Mills, Middlesbrough, Yorkshire. Tel : Middlesbrough 2206 


A MEMBER OF THE FIRTH CLEVELAND GROUP (fC) 


CRC IMz 
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No, 8 IN A SERIES SHOWING TECHNICAL DEVELOPMENTS IN CONCRETE CONSTRUCTION 


Prestressed 
JOHN HEATHCOATS concrete 


WEAVING SHEDS P 
decreases costs in 


factory construction 


FEBRUARY, 1957. 


TIVERTON, DEVON 














Sponsor : JOHN HEATHCOAT 
& Co. Ltp., 
TIVERTON, 
DEVON. 


Architect: ALEC FRENCH, 
F.R.I. 
BrisTov. 

Design by : Stressep Con- 
CRETE DESIGN 
Ltp., LONDON, 
S.W.4. 

Contractors : WM. COWwLIN 


Son Ltp., 
BRISTOL. 





Ever since 
prestressed concrete 






construction was first used in 
this country, designers, architects and civil engineers 
have specified “‘ Wire by Johnsons.’’ The reason is 
quality, built up on early experimental work with 
those specialist designers who studied and worked on 
the Continental development of this new building 
technique. 

Johnsons have a long record of “ Firsts’’ including 
indented wire for greater bonding and coils of 8 ft. 
diameter, from which the wire pays out straight. 


wire was essential — 


Yohnsons. of course! 


Richard Johnson & Nephew Ltd., Manchester, 11 








1957. 
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hie 


Consulting Engineer for superstructure : Architects : Messrs. Farmer & Dark 
Alfred E. Beer, Esq., E.R.D., A.C.G.I., A.M.1.C.E., M.I. Struct. E., M. Cons. E. 


New Tissue Mill at 
Northfleet, Kent, for The 
Bowater-Scott Corporation Ltd. 


The contract for this precast concrete framed structure was secured in 
competition with steelwork and other forms of construction. All structural 
members, including the main columns, were works manufactured and 
delivered by road to the site, thereby overcoming local labour shortages and 
ensuring rapid progress. 





With the experience of the past 


wet tS 


BUILD FOR THE FUTURE 











ENGLAND + SCOTLAND + OVERSEAS 


HOLLAND & HANNEN AND CUBITTS LIMITED 
ONE QUEEN ANNE’S GATE + WESTMINSTER - S.W.1. 


TGA C209A 
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PRESTRESSED . 





NEW GANDY BRIDGE 
TAMPA BAY FLORIDA 


=——— | 


CONCRETE 


PIPE BRIDGES 


i 
' 
VE IN Lee McCALL PRESTRESSED CONCRETE 


22 _______=5 


CONSTRUCTION 


MAHI BRIDGE AT VASAD 


| 
i 
; 
H 
i 
' 
j 
i 
' 
| 
' 
} 
| 
; 
i 
' 














McCalls MaC¢alloy Bulletins comprise reproductions of 
authoritative articles from the technical press giving 
up-to-date information about the application of Lee- 
McCall prestressed concrete. 

Copies of the latest Bulletins listed below are available 
on request. 









BULLETIN No. II. BULLETIN No. 12. 


Prestressed Concrete Bridges New Gandy Bridge, 
in North Devon. Tampa Bay, Florida. 

















BULLETIN No. 14. 
Mahi Bridge at Vasad. 





BULLETIN No. 13. 
Pipe Bridges in Lee-McCall 
Prestressed Concrete. 










McCALLS MACALLOY LIMITED 
TEMPLEBOROUGH <: SHEFFIELD ~- P.O. BOX 4I 


Telephone : ROTHERHAM 2076 (P.B.Ex. 8 lines) 
London Office : 8-10 GROSVENOR GARDENS, S.W.!. Teleplione : SLOane 0428 





PC37 





1957. 


PC37 
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? 
. TiN EQUIPMENT . 
You need VIBRA then ger the best 








choose 






PETROL & ELECTRIC 
VIBRATING 
TAMPER 


SALE OR HIRE 


Details of these, all types of internal and 
external vibrators, and contractors’ plant 
sent On request. 


E-P-ALLAM € CO. LTD. 


LONDON: 45 Great Peter Street, S.W.|. : Telephone: Abbey 6353 (5 lines) 
SCOTLAND : 39 Cavendish St., Glasgow, C.5. Tel.: South 0/86. Works : Southend-on-Sea. Tel.: Eastwood 55243 








Ensure safety : use (Read ; : 
DORMAN LONG 7 enone 
STEEL rye Rae: 
TRENCH SHEETING 


For the temporary lining of trenches and 
foundations. Prices and full particulars on 
application to:— 


DORMAN LONG (Steel) LTD., SHEET DEPT. 
AYRTON WORKS, MIDDLESBROUGH 


London Office: Terminal House, 52 Grosvenor Gardens, S.W.1. 


DORMAN LONG 
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PORTASILO 


for handling 
cement 
in bulk 


A Type 20! PORTA- 
SILO ac STEETLEY 
MAGNESITE CO. 
LTD.., Palliser Works, 
Hartlepools. 





Contractors : 
Brims & Co. Ltd., 
Newcastle. 


Portasilo is the most highly developed equipment 
a of its kind available. Incorporating the unique 
Pullwey mechanical cement man its use readily 
effects a saving of 18/- and over per ton of 
cement used. This equipment is now fully proved 
on hundreds of sites in this and other countries. 





Covered by patents or patent applications in Great 
Britain and the Principal countries of the world. 


PORTASILO LIMITED 8LVE BRIDGE LANE, YORK Tel: 24872 (6 lines) 


and at LONDON - BIRMINGHAM - MANCHESTER - GLASGOW - BELFAST - DUBLIN 





1957. 














CONCRETE 


CONSTRUCTIONAL ENGINEERING 


INCLUDING PRESTRESSED CONCRETE 
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EDITORIAL NOTES 
British Standard Meanings. 


BECAUSE a good glossary of the terms used in concrete design and construction 
would be useful, it is a pity that a very poor one * has been issued and glorified 
with the title British Standard. It is stated that “ terms whose meaning in 
general use is clear and which have no specialised meaning in relation to concrete 
are not as a rule included ”’, and it may be assumed that this is the reason for 
omitting some of the terms that are most often misused and consequently lead 
to confusion. It would, for example, have been useful if the meaning of reaction 
were defined as resistance for the information of those who talk and write about 
the reaction of a column on a footing and the reaction of the footing to the load 
imposed upon it, that is the use of the word reaction to describe both an active 
force and a passive resistance when in fact it should be used only in relation 
to the footing. A lecturer recently told us that he did so because his lecturer 
so misused the word when he was a student, and it had not occurred to him 
that it was senseless to use the same word with directly opposite meanings. 
Earth pressure could also be usefully defined in view of the frequency with which 
it is used to mean the resistance, not the pressure, of the earth beneath a founda- 
tion. We often read about a bending moment in a beam and a stress on a beam 
—these writers can have only a hazy idea of the meanings of these terms. If, 
with the arrogance of Humpty Dumpty, they claim that ‘‘ When J use a word 
it means just what I choose it to mean’’, then at least they should tell us that 
the more the reader knows of the English language the less he is likely to understand 
them. 

One of the few such terms include is “ punching shear’, which we thought 
had been laughed out of existence many years ago. It was used to describe 
the shearing stresses in a base due to a concentrated static load, generally of 
a column, and not to a dynamic load as is implied by the word punching. Many 
years ago we suggested that someone might care to make a sketch of a shear 
in fighting trim. Yet in this glossary the term is confidently put forward as 
one that may be used with the authority of the British Standards Institution, 
and is defined as ‘‘ Shear stress calculated by dividing the load on a column 
by the product of its perimeter and the thickness of the base or cap ’’, so that 
a static column can apparently punch upwards as well as downwards and its 

* British Standard No. 2787, ‘‘ Glossary of Terms for Concrete and Reinforced Concrete”. Price 7s. 6d. net. 
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own weight is ignored. It would be useful to have a committee of people who 
know the meaning of words to consider new terms applied to new processes, so 
that such absurdities as pre-tensioned and post-tensioned concrete, bulk cement, 
and other recent innovations could be prevented from coming into common use. 

A glossary is in the nature of a dictionary and in these days when little 
attention is given to English in the training of technicians it is desirable that 
a British Standard glossary should at least follow the rules of grammar. Yet 
we see “a hydraulic ’”’ used a dozen or so times, a reference to a ‘‘ wood ”’ tool, 
and the verb mix variously used as a noun and an adjective. A screed is defined 
as a layer of mortar, a straightedge for levelling a surface, the operation of form- 
ing a surface with the use of screeds, and the strips used as guides for the height 
of the straightedge. In fact the term screed means only the fixed guides for 
the straightedge, and it is very wrong to give it three other meanings to which 
it is not entitled and so add to the confusion that it should be the purpose of a 
glossary to remove. 

A British Standard glossary should also be accurate, which this one is not. 
For example, alternate-bay construction is limited to slabs laid on the ground, 
whereas it is also correctly used to define the concreting of suspended slabs, 
walls, and any other work in which it is desired to reduce the effects of shrinkage. 
Under “ Sliding Forms ” we are referred to Climbing Forms, which sliding forms 
are not. Mass concrete is used when plain or unreinforced concrete is meant. 
A concrete vibrating machine is limited to one used to compact a ground slab, 
whereas such machines are used in all parts of concrete structures and for precast 
concrete products. Pulverised-fuel ash is mentioned only under its American 
description fly-ash, and is said to be recovered from the flues of power stations 
when in fact it is recovered from the precipitators before the gases enter the 
flue. Harsh concrete is defined as a mixture that is difficult to place due only 
to its grading or the texture of the aggregate, whereas harshness can also be 
due to the proportions of cement and water and the shape of the aggregate. 
Honeycombing is defined as interconnected large voids in concrete due to lack 
of mortar, whereas the voids need not be large, they need not be interconnected, 
they can result from causes other than lack of mortar, and they can appear 
on the surface as well as the interior. A pile cap is defined as a protective helmet 
on the top of a pile (which it is not). as well as a concrete block on top of a pile 
or a group of piles (which it is). 

There are also some curiosities in this glossary. An ell-beam is defined, 
but not a tee-beam or any other shape of beam. Reference is made to British 
Standard Code of Practice No. 114 : 1956, whereas the latest available edition 
is dated 1948. There is an entry “ Ferro-concrete—see Concrete’, and so we 
turn to “ Concrete: Ferro-concrete—see Reinforced Concrete ’’, and then find 
“ Reinforced concrete—see Concrete ’’—and nowhere is ferro-concrete defined. 

It is stated in the foreword that the purpose of this glossary is to assist 
technical writers to use terms relating to concrete in their correct modern sense, 
and that this is one of a series that the Institution is preparing to cover the terms 
used in the building and associated industries. The document reviewed in the 
foregoing, and the looseness in the use of words and phraseology of some of the 
Standards issued by the British Standards Institution, do not indicate that this 
Institution is a suitable body to prepare glossaries. 
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Analysis of Bowstring Arches. 
By F. H. TURNER, B.Sc.(Eng.), A.M.1.C.E., A.M.1.Struct.E., D.I.C. 


A BOWSTRING arch is usually a highly indeterminate structure, and the analytical 
difficulties which it presents have hindered its more extensive use. A method of 
analysis which removes many of these difficulties is presented in the following. 

An initial solution (termed the “ particular solution ’’) is first obtained, 
assuming that deflections of the tie-beam at the points of suspension are prevented. 
The particular solution is corrected by considering incompatibilities between the 
forces and extensions in the suspension rods. Tables are given for the case of a 
parabolic arch the second moment of area at any point of which is sec y times 
the second moment of area at the crown, where y is the angle of slope of the arch 
at the point in question. A numerical example is given. 

Consider the arch shown in Fig. 1. The direct analysis would require the 
determination of at least ten redundancies, that is the solution of ten simultaneous 
linear equations. In the method described the number of equations is four. 


Particular Solution. 

The tie-beam is assumed to be continuous over non-yielding supports. It 
will be of assistance to imagine that this state is achieved by the method shown in 
Fig. 2. 

StaGE I.—The loads on the arch are ignored at this stage, and the tie-beam 
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TABLE A. 





A 6 C 2) E Joint 

AA | AB | BA | BC [CB } CD | DC | DE | ED | ED | Member 
%e Ye | kk Ye | ve Y2 Ye | C-O Factor 

053 0-47 |05 |05 [05 |05 | 05 105 105 |0°5 | Dist? Factor 

O |-1563)}+ 1563/-1563 |+ 1563 |- 1563} 1563|-1563}+1563 -1563) FE. Moment 

















balance 
+276) - +367) - . . ‘ . . . Carry- Over 
~ 146) -130] - 184) -183) - ° ‘ : ° , Balance 
49) - 92] -65) - -92| - : . : , Corry-Over 
+75| +66] +38) +32) +46) +46) - , ’ * | Balance 
+25) +16] +33) +23) +16) - +23) - : . Carry-Over 
ak it Me) i ee ee i) - | Balance 
- Ti 44] <1] = 4] -14| -6] - 4) - - 6| + 6| Corry-Over 
+tl] +10] #7) © 7] #10) +10] +2) +2] - - | Balance 
+ 6] + 4] +5) +5] +3) ot] +5) - + 1) = 1 | Corry-Ovr 
- 4] - 4] -5| -5| -2| -2| -3/ - 2 balance 





+992] - 992]+1716|-1716 | +1522) -1522] +1574]-1574]+1558|-1558| Total Moment 
162,500 62,500 162,500 162,500 162,500 162,500]62,500162,500162500] Free Reaction 
{4,805 £80561, 275 -1,275|- 345 +345] + 105] - 105] - 105 | Contiquity 27m 
57.695 231,080 223,360 225,450 224,790 | Toto! Reaction™ 
































(Moments in 1000 in.-lb. units.) 
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o | Vig- Se ohh U4 - oct 
° 0-0625 0:25 
0-1 0-046 0-24 
0-125 00402863 0-234 375 
0-167 0-02469! 0- 222222 
0-2 0-0105 0-2) 
0-25 | - OOIIT7I9 0°1875 ; 
0-3 - 0024 0-16 
om | seat | Sian 
ARCH LOADING PRODUCES FIAED END ‘ fie 2 ; 
MOMENTS, WHICH MUST BE DISTRIBUTED We as — 
THROUGH TIE BEAM. 
Fig. 4. Fig. 5. 
When « « 0, 


(Vig - See + 504)» 006253 When ot » O-125, (Vie-/2+ 504): 0-0403s 
When « = 0-250, Vic - 972+ 5eC)=-0-0117 ; When a = 0-375, (Vie-S¥e+5at)=-0-0496 
I) FEM (at LLH.E) = 1200,(Ve* 224,790 «0-0625)+ (225,450 «0:0403) 

225,380 « 0-017) (231,080«0-0496)} = 2,440,000 tb.in 
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is considered as the continuous beam shown in Fig. 3. This is conveniently 
analysed by moment distribution. In the case of a parabolic arch, when 
I =I, sec y, the carry-over factor is one-third and the stiffness is et) in which 


I, is the second moment of area at the crown of the arch (see this journal for April 
1956). Therefore 


_ 30 x 48% I 


I, = a 276,500 in.t L,..., = 1200 in. ; = 230. 
3 
I beam = 30 X 30° _ 67,500 in.* Lijeam = 150 in. I a. 
12 r 
4EI 


The stiffness of the beam = - 


The distribution factors are therefore : 


9 X 230 


To AA’ and A’A, = 0°53. 
(9 x 230) + (4 x 450) 
To AB and A'B’, Poke ow ~ 0-47. 
(9 X 230) + (4 X 450) 
To all other spans, 0-5. 
The fixed-end moments of the beam are 
of 2 
+ 4 = +10,000 X 12:5 = +1,563,000 in.-lb. 
12 


Referring to Figs. 2 and 3, the moments and reactions (Table A) correspond 
to the case where the tie-beam is fully loaded and is supported on scaffolding, 
and no loads are yet placed on the arch rib. 

STAGE II.—Consider the loads in the suspension rods to be applied to the arch. 
This produces fixed-end moments in the arch which must be distributed through 
the tie-beam (Fig. 4). The fixed-end moments at each end of a parabolic arch, 
when J = I, sec y, due to two equal concentrated loads W spaced symmetrically 
about the centre-line and distant al from it, are 


— mS a? 
FEMauz) =¥ u(, es a 4 sat) 


(assuming clockwise moments to be positive). 
This and all succeeding formule apply only to the case of a parabolic arch 
when J = J, sec y. A central load is assumed to be two coincident loads (W). 
2 
Values of (| — am sa) are tabulated in Fig. 5, and the fixed-end moment 
) 
is obtained in equation 1. This moment must be balanced and distributed 
throughout the: frame as shown in Table B. 

It is necessary to appreciate the physical meaning of these figures with 
reference to Fig. 2. The effect of applying to the arch the loads ascertained in 
Stage I is to deform both the arch and the tie-beam in such a way that the bending 
moments and forces in the frame are altered by the amounts shown in Table B. 
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TABLE B 
A E C D E Joint 
AK Ty AB] BA [BC | CB }cD DC | DE | ED | ED | Member 
“ig | Ye | ‘a2 | 'k Ya “2 Ye | Ye “Ye | Ye | C-O Factor 
0-53|0-47 | 05 | 05 | 05 105 105 |05 105 | 0-5 | Dist? factor 
+ 2440) . 7s FE. Moment 
-}294)-1146)  - Balance 
- 43] -573 Carry- Over 
+229] +202] +287|/+286) - | - : . . - | Balance 
+ 76) +143) +101) - | +143) - et ae ° : Carry: Over 
= 116} -103] - 51) -50) -72)- 71} - | - . - | Bolance 
- $9] - 26) -52| -36| -25) - | -36) - | Corry-Over 
+35 +30] +44) +44] +13) 12] +18) +18] = | | Bolance 
#12) #22] +15) +6] +22) +9) +6 +9! -9] Carry-Over 
-18| - 16] -10) -11] -15| -46] -3] - 31 - | + | Bolonce 
-6| - 5) -8| -8| -¢| -21 -8| - | -2| +2] Carry-On 
*6\ +5 +8 +86 +4 4 +4144 . | . Balance 
+894/ -894| - 239] +239] +64 | -G4l -19| +i5] +7] - 7{ Total Moment 
+7590] -7580|- 2020} 2020 | +555] - 555] -175| 175 | +175 | Reaction 
7530 - 9550 #2575 -730 +350 ae 








(Moments in 1000 in.-lb. units.) 


In particular, the modifications to the loads on the tie-rods will alter the fixed-end 
moments for the arch as follows. 


Alteration in fixed-end moment 


a 1200( 35° x 00625 — 730 X 0:0403 — 2575 X O-OII7 + 9550 X 070496) 


= 509,000 in.-lb. 


In other words, the effect cf applying to the arch and distributing a fixed-end 
moment of + 2,440,000 in.-lb. is to produce another fixed-end moment of 
+509,000 in.-lb. Clearly this in turn will produce a further fixed-end moment of 
ae X 509,000 in.-lb., and soon. The total fixed-end moment to be considered 
is therefore the sum to infinity of the series 


2,440,000 (I +7r+72+ 73+ .. .), in which 7 = mn ee 0°209. 
2440 
I 
The expression in brackets is a geometrical progression whose sum is S,,=-—— 
are 
es ds I I , , 
that is S, = = = 1-265. The total fixed-end moment is there- 


I—0-209 0o-7QI 
fore 2,440,000 X 1:265 = 3,085,000 in.-lb., and the bending moment and tie- 
load corrections must be increased in the ratio 1-265: I. 

The particular solution is therefore as shown in Table C. In many cases this 
solution may be sufficiently accurate, as it over-estimates the load on the arch. 
It should also be noted that the assumed method of construction is feasible in 
cases where the dead load is appreciably greater than the live load. However, if 
the lengths of the tie-rods cannot be altered, or if the live load is greater than the 
dead load, or the size of the structure renders a more accurate analysis desirable, 
the particular solution should be corrected to allow for the fact that the shortening 
of the tie-rods implicit in Fig. 2 cannot occur. 
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TABLE C. 





‘ 5 4 Joint 
: AA | AS | SA | 6C | ch | CD [DC | DE | ED TED | Member 
#992 |-992 PLT6 |-1716 [+1522 |-1,522 [+1574 |-1574 1558 -1558 | Stage | 
L130 [1130 |- 302 |+ 302] + 81|- 81] - 24) + 24] +9) - 9 | Stagez»t265 
2i22 Fee? Plat [ill [+1603 [160311550 |-1550}1567 [1567] total Moment | 


LOADS IN TIE- 20DS 



























































8 C D E Tie-rod 
231,080 223,380 225,450 224,790 Stage | 
~ 12080 + 3260 - 920 +440 Stage 2« +265 
219,000 226.640 224,530 225,230 Tota! Load (0b) 





PARTICULAR SOL” PARTICULAR SOL" 


WTA 
\e 
a 











d 
Fig. 6. 
The horizontal tension in the tie-beam may be obtained from 
1 H = 3 restraint moment + LS wi _ 2) 
f 
f 3 225,230 15 
= 2,122, a ———— + 224,5 = 
’ Fae aa] 222.000 + 1200{ - Ot OT 
1 
3, 7 
- 226,640 x — + } 
+ 40 6 219,000 X Z)] 
= 887,g60 Ib. [See Fig. 5 for values of (} —«?).] 
The vertical load from the arch is 112,615 + 224,530 + 226,640 + 219,000 
| = 782,785 lb. 
7 j Correction of the Particular Solution. 
P Refer to Figs. 2 and 6. The initial (unstrained) length of any tie-rod is 
M assumed to be the same as the distance between the centre-lines of the tie-beam 
2 
and the arch, and is y = 4h ii . When the arch is loaded, as assumed in 
S 
. the foregoing, the distance between the arch and the beam decreases by an 
1 amount 6,, while the length of the tie-rod increases by an amount A,, and therefore 


the distance between the end of the tie-rod and the arch is 4, + 6,. If this 
relative movement between the arch and tie-rod is not possible it may be imagined 
that the scaffold beneath the tie-beam is removed and that the load applied by 
the jacks is reduced until the end of the tie-rod again coincides with the centre- 
line of the arch. If it is assumed that the load is reduced by an amount R,, that 


Vv" 
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x SL — 
WH EQUAL BAYS SPAN L 
° o1 | 0125 lowe? | O72 | 025 | 03 [osss9 | 0375 | o4 | OF 
© |-0-09 |-o1ss7s |-o1ssse |-0-16 |-0-1875 | -0-2! |-o-ze2222|-0286375| -0-24 | -0-25 
© —_|-0-. O8175|-0-B101115 |-0-015182 |-0-015467 }-0-018555 |-0-021175 |-0-022634)-0-024 109|-0-0246 |-0-026042 
° - 0024667 |-0-030595 |-0-0401235] - 0-047533 |-0-0§7292 |-0-066 |-0:070988 | 0076172 |-0-076667 |-0-085933 
4 F ft, 3 
VALUES OF an.3 VALUES OF [B- (‘2- «,)] 
len (05 | 2 fet OS 
thnk = tek we 
Pa CO | lon 
0-167 00577 | oT | 0 | 
= 0°25 | OF a, [8] 0-25] 05 
° 0 0 N: 4 ° 0 0 
| 0-25 }0-015625|0-08125 0: 25 © |0-015625 
[a, [=] 02 [0-4 =, Ip] 02 | Oe 
0-1 [0002 [0-006 |) Ne § 0-1 0 () 
0-3 [0-018 | 00% 0-3 Oo |0-008 
a, [8=| 0-167 | 0-333] 0°5 oe, [87] 0-167 | 0-385 | 0-5 
0 Q 0 0 N*G 0 0 0 0 
0-167 }0-004625/0-00544 0-0138 0-167 | O © 0-004629 
0-383 J0-0185 [0-637 | 0-05 0-333 | © |0-004679/0-647 
an] 8 [0-125 | 0-25 | 0375] 0-5 x, [e=] 0125 | 0°25 | 0375 | OF 
° ° ° ° Oo 0 0 ° 0 0 
0-125 }0-00195 |0-003206)0.005859 |0-007 $1 N= 8 0-125 | 0 0 O jones 
0:25 0-007813 /0-015625)0-073438 -03125 0-25 0 O 001 953 J0-015625 
0-375 |0-017578 |0-:0951560-0527340-070313 0375 | 0 [0.001959 }0-0156.25 0052734 
om [82] O- 0-2 03 10-4 | 05 ae, |S] oO! O02 | 03 | 0-4 0-5 
C) 6 6 () ) 0 0 Co) 6 6 C) 6 
O-1 }0-00! | 0-002 | 0:003 | 0-004 | 0-005 N= 10 0-1 0 0 Cy © | 6-001 
0:2 0-004 | 0-008 | 0-012 | 0-016 |0-02 0-2 ) 0 © [0-001 |0-008 
0:3 0-009 | 0-018 | 0-027 | 0-086 | 0-045 0-3 0 © |0-60! | 0-008 | 0-027 
0-4 [0-016 | 0-032 | 0-048 | 0-064 | 0-08 0-4 0 |0-00! |0-008 |0-027 |0-064 
Fig. 7. 
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it: eine OO. 8846 Aah = Sat FeUSe « 887,960 b 
¥ - 0-125: 


Eee &/% + -(684 « 0-109375) + (887,960%0-0101I)) - se «0:030599) 
+ 219,000 200 x 0-017578)+ (226,640 « o-oorgia)+ (224750 « 0-001958)} -(0) 








4e 
2 -96-6 + 8978-2 - 11,976-2 + 3,030°2 - -64-4 
y= 0:25: 
Eele S:/)) = -(684 «0-1875) + (887, 960 « 0-018555) - res «0-057292) 
II +(2* 3030-2) -(/ eee « 0:001953) = -124-3 
5 = 0-375: 


Eale 85/13 = ~(684 «0-234375)+ (887,960 x0-024108) - (282785 « 0:076172) 


/, 


Y) 
«(3+ 30802) -[219,000 K 0-015625) + (226.540 «0-001953)} = -166-0 
; 
5205: 
I> -~ 
[Eels 64/3 « -(884 0-25) + (887960«0-026042)~ (82782 x 0083333) + (4«3,030-2) 


\ 


-{ 19.000 . 9.052734) ~( Hees x 0-015625)+ (224, 30 x 0001953) -|89:9 


| se 


4 











the extension of the tie-rod is reduced by 4’,, and that the distance between the 
centre-lines of the arch and beam increases from y — 6, to (y — 46,) + 6’, then 
(4, + 6,) = (4’, + 6), or 6’, = 6, + 4, — 1’,. 

Hence it is necessary to determine the forces that would increase the distance 
between the arch and the beam by an amount 6, + 4, — 4’, at each tie-rod, 
and the superposition of these values on those of the particular solution will give 
the final solution. It is not difficult to show that 


a! | aa a iad | a A 
L3 2L L\6 12 my 2\3 4 


N 
n= 
=0 





=Ny 


W. 9 ; Wi. 19 
a 


-" 
n =0 


where the symbols are as defined in Fig. 7. 

Tables are also given in Fig. 7 for different values of y and «, which reduce 
labour in evaluating the expression. The calculation of se is shown in 
equations II ; it involves a small difference between two large numbers, and should 
therefore be made carefully. 

; , runes WL. 
The extension of each tie-rod is given by 4, = A E’ in which L,, A,, and E, 
_cagih 
are length, cross-sectional area, and modulus of elasticity of the rod. 
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Consider Fig. 8. The fixed-end moments for the arch are given by 





2 
F.E.M.pax) = — RL — - + sat) (clockwise moments are positive). 
For the beam, F.E.M.qg.4.4%,) = — RL(} — 2). 


Assuming distribution factors of k (for the arch) and 1 —k (for the beam), 
the moments at joints A and A’ can be distributed as shown in Table D. Using 


this value for M’,, 
ee 15(& — 1)({ — a?) 
H’ = —.RL : 
2h se a8)( 5k +3 














TABLE D. 
A Joint 

AA’ (Arch) AA'(Beam) Member 
k \-k Dist® Factor 
-Vs V2 C-0 Factor 
-QL (ie -3=% + 50+) QL (x*~ 4) F. £. Moment 

Total: RLGSi¢ + 5% - 5a*) 
“kRLCPe + % -5a*) ~(I-k)RL Che +3# "2 -5ax*) Balance 
~k/s. RL (-5he+ 5*"/2 -5a*) +Ye(\-k)RL (-5/ig +5*"/e -5.24) C-0 


~kRL(VY2-h/e) Set 542 -5at) |-(lek IRL (Ye~ See Sig+5="2-5a*) | Balance 
ka RL (Ye-le)-5/ig +5«Ye-5a*) |+"/2 (I-k)RL[Vo-TheNeShe+SH2-5a4) | C-O 
“kRL ('/e- el Fhe + F2-5a*) (lek) RL (Ve- hie)" (-Phe+5*"/e-5*) | Balance 
ete. ete. ere. 
These terms constitute infinite geometric 
series, the sums of which are: 


aly , Uk Ute 
QL a-=( + Paeey 





Total M 'n 














Nd) «“ 
“2LMaretl > PERE“) 

















Fig. 8. 


| Loren « 276,500 in*; Ibeam = 67,500 in* 


: . 2x 276,500 =0:903; I-k = 0-097 
7 " @x 276,500)+(4«67 500) ans 


I. oe Ma QL Ya -oet i+ 12x-0-097%(Va-a8)) 2 91 (-ct)( |- 0-194 [Ya-ac*]) 
| ee T5+5 
‘and H' = SADR 2 (Va -e*)-O-194{ Va -o*}) = 6 2('/4-~*X-0-194[/4-«<*]) 
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2, en I 3 ye 4 ar xt yg 
« ) Fpir-0 + te G--#)- ) 38-2) 
neo nso ne 
ne hE ne“/2 
3 2 
Seied-af-pps 


vo Sit “LFA rome] 


o-5{[t,« 0109375 x (}-P:194« 0-109375])) +[2, « 0-1875*(I- [0-194 «0- ier) 
+[R, x 0-234375 « (}-[0-194« 0 234375] + [05«R,x 0-25+(I-[0-198« 0-25))} 
*0-0535272, +0-090340k, +O:118592s +0-0594692, 


and Stat ee res Sben) (3 - <s}(o-194[ 5 - al) 





_ 6 67500x 0-194 [p.inga75%p « 0. +0-2343752, +025 9 
571000 alan 0-1875'R, + 02343752; — ts) 


= 0-002732 2, + 0-0080302, +0-0125462, +0-0071382, 


. Feleds Bm. (0-053527 R, +0-090340 Re + 0-111 8592s +0-0594692,)(8*- ¥) 
b+le 


+(0-002732 2, + 0-008030 Ras - 012546 Rs + sion Re)(%6-*%e-Fig) 


-(b + Bs Ee r), Yel -(4 Di: xt. 
































TABLE E. 
s tr i 3 b Wr bn 
! 131-25" (oe te) "Eh fete 219,000 | 255,500/¢, 
2 2250" (2/t.) the/e. | 226640 | 453,280/¢, 
3 281-25" (2-5/e.) 25Rip, | 224,530 | 561,325/e, 
4 300-0° (8/se.) BRs/st. | 225,230 | 600,640), 
TABLE F. 


Loads on tie-rods (in.-lb.) 





6 C D E Joint 
219,000 | 226640 | 224530 | 225.230 | Particular st 
~ 35,685 +1517 +4360 - 7,132 |Correction 
163,315 226157 228890 | 218,098 | Tota! (Ib) 





























TABLE G. 


Bending moments in tie-beam in 1000 in.-lb. units. 





A [: “ D E Joint 
AA [AB | BA [6C [CB [CD [OC [DE [ED JED | Member 
+2122]-2122 I+ 14 il |~141) 1+ 1603}-1603 1550 |-15 50 |+1567 - 1567 | Particular Sol? 
41031-4103 |- 903 |+ 903] - 556] +556 | -437 | +437 | -972|+ 972 | Correction 
+6225}-6225 | +508 | - 508}+1047 |-1047}+1113 |-1!1 3 | +595]- 595 | Total voment 
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When x + 0-125, 
EeleJe & += -(0:0535272, +0-090340 2s + 011185925 + 0059469 2,4) « 0:109375 
esl) -(9.9027322, +0:008030 Le +0-012546 2s + 0-00713824) x0-O10111 
+[0-5«(2, +2, + Ry + 0-5 Rs)] « 0:030599 - [05*(0-017578 2, +0:007813 Re 
| +0-001953 Rs)] 
= 0:000628 &. + 0-00143! Re + 0-001962 Rs + 0-001073 R 








When B= 0:25, 
FeJeInS: ~ -(0-0535272. + 009034022 +O1I18592s +0-059469 Ra) x O-1875 
‘L.+],) -(0:002732 Re + 0008030 Le + 0-012546 Rs +0-007138 a) * 0018555 
+f 0-5 x(R, +2e+2s+ O-5R«)) x 0-057292 -[0-5«(0-035 1562+ 0:015625 2, 
| +0-003906 Rs)] +[8' «0-001953] 
= 00013072 +0:0037462e +0-0054872 +0-003040 Rs 
V When ¥= 0:375, 
FeleIn $3 = - (00535272, +0-09034022 +O1118592s +0-059469 24)«0- 234375 
\Le* Ie) L? (0002732 2. + 0-008030 Re +0:0125462s+0-007138 24)x0-024109 


+[0-5*(2,+Ree2s+0-5Ra)}x0-076172 -[05*(0-052734 2, +0-0234382: 
+0:00585923)] + [2 «0-015625)+(%«0-001953) 
= 0001712 2. + 0005326 2s +0-0086372s +0-004933 R 
When $= 0-5, 
FeleIb 8% = -(0:0535272, +0:090340 2e + O-111859 Rs + 0-059469 Ra) x 0-25 





e+e) L ~(0-0027322, + 0008030 2: +0-012546 25+ 0-007138 Le) x0-026042 
+[0-5*(R,+Re+Rs+0-5Ra)] x 0083333 -[0°5x (00703132, +0-031250 2s 
+0:007813 Rs] +[(% «0-052734) +($ «0-015625)+(% «0-001953)] 
= 0001846 R. +0°00585222 +0-009794 Rs +0-005780 Ra 
When nel, 


L’ psi! (0-000628 R. + 00014312 + 0-001962 Ls + 0-001073 Lu) 
c. . 
J (+ x 64-4)+ 255,500 -1-16 2, 


/ 
¢ 


.. 00006282, +0:001431 22 +0-0019622s +0-001073 Ra 


" Ie , le lb ee 2, 
(3 z) - é) y lotr (255,500 - I-16 } 
| = (G1200 “E44 500 «276,50 ies 
( 344,000 . (See lO" x £1709. 9) (255-500 1-16 B,) 


| = 12-6366 + 8-0227 -0:0000372, 
VI .”. 0000665 2+ 000143122 + 0°001962 2s+ 0-001073 Re = 206593 
| Similarly, when n= 2, 
0-001307 2, + 0:0038092. +0°0054872s3+ 0:003040 Rs = 38-623) 
When n= 3, 
| Q-001712 & + 00053262 +0-008 7162s +0-004933 2. = 50°198! 
\When n= 4, 
0:001846 2, + 0:005852 Re +0°009 79423 +0-005864 R = 56°1223 
From these equations, 
R. = 35,685hb; Ree - 1,517b; 
Q,= -4,360b; Res 7,132 lb. 
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ANALYSIS OF BOWSTRING ARCHES. 





Mi = 2400{0-053527% 35,685) -(0:090340« 1517) -(0-111859 ~4,360) 

I #(005946%7192)} - = 4,103,000 bin 
and H' = 3440{(9.002732%35,685) - (0-008050 * 1,517) - (0-012 546 «4, 360) 

+(0-007138 «7,132)}} = 415 tb 





‘POSITIVE MOMENTS INCREASED 


= WEGATIVE MOMENT 
WWCREASED 





Fig. 9. 


The substitution of numerical values is shown in III, the positive numerical value 
of H’ being used. 


It may be shown that the increase in the distance between the arch rib and 
the tie-beam under load (the combined deflections 6’ of the arch and tie-beam) 
is given by 

EJ ,1,0 — M ayy2 y) 4+ 4hH' x I, x y* scat yt ep y 
(J, + I,)L* 2L L I,+/, 6 2 Im 


R/y? 3 R 3 oR 
<6 . (’ -1) + ly>—-a—9)] ——a"y. 
2\3 4 6 2 


(Negative values of the term y — (}—«) are ignored. The symbols are defined 
in Fig. 8.) 
If the forces in the tie-rods are R,, R,, R, ...R, ... Ry, this expression 


may be rewritten as shown in IV. It will be noted that the terms containing 
y and « are identical with those in Fig. 7, and the substitution of the values relevant 
to the example are shown in V. 


The deflections 6 and 6’ are evaluated at each tie-rod, and it has already been 
shown that 


in which 
An estimate of the ratio me must be obtained. Assume that E, = 30 x 10° lb. 


c 
per square inch, and that the crushing strength of the concrete is 4000 lb. per square 
inch. Generally E, may be assumed to be a thousand times the crushing strength, 
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that is 4 x 10® lb. per square inch. 
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Assuming that A, is 15 sq. in. and E, is 7°5 E,, 


the deflections A, and A’, are evaluated in Table E, and the substitution in the 
equation 6’, = 6, + 4, — 4’, is shown in VI. 

R,, R,, Rs, and R, are the amounts by which the forces in the tie-rods obtained 
in the particular solution require to be altered. These values are substituted in 


the expressions for M’, and H’ in VII. 


The final values are obtained by adding 


these results to those of the particular solution as in Tables F and G. 
Similarly the horizontal force in the tie-beam is 887,960 — 415 = 887,545 lb. 
The moments on the tie-beam are statically determinate, since all the redundant 


forces and moments are now known. 


Bending-moment diagrams for the particular 


solution and the final solution are shown in Fig. 9. 
The method lends itself to a standard pattern of computation, and the 
calculation would, of course, be arranged in a more convenient manner in practice. 


A tabulated solution, for example, reduces the chance of error. 


It should also 


be noted that the method can be applied to any arch profile, or to any tie-beam 
profile, without adding greatly to the labour. 


The Thickness of Concrete Road Slabs. 


THE Road Research Board has made a 
further development in the method of 
determining the thickness of a concrete 
road slab by setting it into flexural vibra- 
tions at frequencies below 500 cycles per 
second. Measurements were made of the 
wavelength of the vibrations, and their 
velocity was computed by multiplying 
the wavelength by the frequency. To 
compute the thickness of the slab from 
these measurements, it was necessary to 
assume a value of Poisson’s ratio for the 
concrete, but it was found that small 
changes in Poisson’s ratio caused large 
errors in the computed thickness of the 
slab. 

In the Report of the Board for the 
year 1955 (H.M. Stationery Office. Price 
5s.) it is stated that greater accuracy has 
now been obtained by eliminating the 
effect of Poisson’s ratio within the range 
of the values of the ratio normally occur- 
ring with concrete. The new method 
depends upon measuring the velocity Vz 
of Rayleigh, or surface, waves in the con- 
crete at frequencies above about 50,000 
cycles per second, as well as measuring the 
wavelength A and the velocity V of 
flexural vibrations set up in the slab at 
frequencies within the range 1000 to 
4000 cycles per second. The Rayleigh 
waves are independent of the dimensions 
of the slab but depend on its elastic 
properties. A curve has been obtained 
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theoretically relating the ratio Le to = 


R 2 
where T is the thickness of the slab. The 
thickness T is then found by reading off 


the value of x at measured values of 


z and A. 
Ve 
affected by changes in Poisson’s ratio 
within the range o-20 to 0-25 usually 
obtained with concrete. 

The concrete slab is set into flexural 
vibration by an electromagnetic generator 
resting on its surface and operating within 
the range of 1000 to 4000 cycles per 
second. The wavelength of the vibrations 
is determined by measuring the successive 
distances from the generator at which the 
spreading vibrations are in phase with 
those transmitted by the generator, these 
positions being located by a geophone. 
When the tests were made at ultrasonic 
frequencies from 50 to 120 kilocycles per 
second, barium titanate transmitters and 
detectors were used. Tests have been 
made on slabs from 4 in. to g in. thick, 
some on the subgrade and some on pre- 
pared bases of soil-cement and hoggin. 
The results have generally been satis- 
factory and, in many cases, the dimensions 
of cores drilled from the slabs have agreed 
with the calculated values of thickness to 
within ro per cent. 


This theoretical curve is not 
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QUICK CONSTRUCTION WITH SLIDING SHUTTERS. 


Quick Construction with Sliding Shutters. 


DurRinG four days in August last year the 
concrete walls of a six-story nurses’ home, 
120 ft. 6 in. long by 36 ft. wide, were con- 
structed at Kirkcaldy by the use of sliding 
shutters. The building has piled founda- 
tions from which the first floor is sup- 
ported by large reinforced concrete 
columns. Above this level the structure 
comprises reinforced concrete external 





walls, cross-walls, and a spine-wall ; the 
cross-walls are at 17-ft. centres and carry 
hollow-tile floors and the roof. 

From the first floor upwards the walls 
were cast in continuously-sliding shutters 
raised by “‘ Prometo”’ hydraulic jacks. 
The plan of the walls, all of which were 
concreted together, is shown in Fig. 3. 

The shutters were constructed of 4 in. 


# 


a 


Fig. 1.—Morning of First Day of Concreting. 
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Fig. 2.—Morning of Fourth Day of Concreting. 
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Fig. 3.—Plan of Walls. 
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Fig. 4.—Arrangement for Lifting Shutters. 
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Fig. 5.—Joists and Hanging Scaffold. 


VERTICAL REINFORCEMENT 
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by 14 in. Columbian pine staves and 
6 in. by 3 in. walings (Fig. 4). They were 
4 ft. deep and had a batter of 4 in. except 
at the outside face of the external walls 
where they were vertical. Fig. 5 shows 
the shutters during construction, with the 
joists in position to carry a working deck 
at the level of the top of the shutters. 

A total of 122 jacks were employed, 
coupled in two circuits to the hydraulic 
pumps at the control point. Through 
each jack was placed a high-tensile steel 
bar of 1 in. diameter with a threaded end 
for screwing to succeeding lengths. The 
jacks were connected to standard steel 
yokes from which brackets projected 
under the walings of the shutter. At 
each cycle of operations the jack climbed 
the steel bar a distance of ¢ in., lifting its 
yoke and the shutter. 

It was necessary to provide for window 
openings in the external walls. Where 
these were small, and did not coincide 
with the positions of jacking bars, the 
openings were formed by inserting a sub- 
stantial temporary timber frame into the 
shutter at the required level. To ensure 
that these frames were set correctly in 
vertical alignment, dovetailed timber 
fillets were concreted into the walls at the 
sides of the openings and the temporary 
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"BOLT HEADS AND NUTS RECESSED 


Fig. 6. 
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frames were nailed to these fillets to pre- 
vent any tendency for them to lift with 
the moving shutters—the fillets were held 
by concrete which had already hardened. 
Where a jacking bar passed through an 
opening for a window a strip of wall 12 in. 
wide (6 inches on either side of the bar) 
was concreted. These strips of concrete 
adequately stiffened the jacking bar and 
prevented buckling ; they were later cut 
away. A large number of these strips can 
be seen in Fig. 2 prior to being cut away. 

It was necessary to make provision in 
the walls for the floors, which were to be 
cast later. At the level of each floor pairs 
of timber battens, bolted together and 
3} in. apart, were wired to the vertical 
reinforcement. The purpose of the bat- 
tens was to form horizontal grooves in the 
walls to receive the floor slabs. The 
battens were notched on the top at 154-in. 
centres to position timber wedges which 





Fig. 7. Channels formed to receive 
Wall Ties. 


formed the holes through the walls, and 
through which reinforcement bars were 
later placed. This arrangement is indi- 
cated in Fig. 6, and can be seen in place 
in Fig. 8. During construction it was 
found that the shutter tended to bind on 
the battens and, despite the wiring, lifted 
them out of alignment. It was later 
found easier to cut the necessary grooves 
and holes by hand immediately the green 
concrete was exposed; this work was con- 
veniently done from a hanging platform 
suspended from the moving form. 

The gable walls were later to be faced 
with precast concrete blocks which had to 
be tied to the concrete, and provision for 
this was made by concreting into the walls 
dovetailed metal slots at the required 
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Fig. 8.—Vertical Reinforcement and 
Floor Checks in Position. 


spacing into which metal ties could later 
be fixed ; these slots are seen in Fig. 7. 
The concrete materials were batched by 
weight at two mixing plants at one side of 
the building. Each plant comprised a 
14/10 mixer and a hoist to convey the 
concrete to a receiving hopper on the 
working deck. One of these mixers was 
capable of providing an adequate supply 
of concrete, but duplication was essential 
in case of a breakdown. The jacking of 
the forms proceeded at an average rate of 
about 7 in. per hour. The weather was 
reasonably fine, and it was necessary to 
slow down appreciably only during a 
heavy fall of rain on the fourth day. 
Figs. 1 and 2 show the building at about 
II a.m. on the first and fourth days. 
When roof level was reached the shut- 
ters were fixed to the walls and the jacks 
and yokes dismantled. The roof was then 
cast, using the working deck as a soffit 





Fig. 9.—_Underside of Working Platform. 
February, 1957. 

































shutter. The casting of the floors then 
proceeded by ordinary methods, working 
from the second floor upwards. At the 
same time, when the roof slab was suffi- 
ciently hard, the working deck was 
lowered, a bay at a time, by hand-oper- 
ated winches on the roof, to fifth-floor 
level, where it was supported on timber 
blocks bolted to the walls and used as 
shuttering for the hollow-tile floor, and 
the process repeated. This arrangement 
is seen from the underside in Fig. 9. 

As the entire building is to be faced 
with precast concrete and brickwork the 
necessary scaffolding was erected to full 
height before starting to move the sliding 


QUICK CONSTRUCTION WITH SLIDING SHUTTERS. 


shutters. This scaffold was extensively 
used for placing the wall reinforcement, 
temporary window frames, and other 
materials, and also for supporting the 
flood-lighting equipment required for 
night work. 

The contractors were Messrs. Stuart 
Construction, Ltd. Messrs. Wm. Thorn- 
ton & Sons, Ltd., were responsible for pro- 
viding and supervising the use of the 
sliding shutters. Mr. J. Holt, F.R.1.B.A., 
was the architect for the building, which 
has been built for the South East Scotland 
Regional Hospital Board. The consult- 
ing structural engineers were Messrs. 
Blyth & Blyth, M.I.C.E., of Edinburgh. 


Book Reviews. 


‘* Architectural Construction — The 
Choice of Structural Design.’’ By 
Theodore Crane. (London: Chapman & 
Hall, Ltd. 1956. Price 80s.) 


ALTHOUGH written primarily for archi- 
tects in the U.S.A., this book can be 
confidently recommended to anyone con- 
cerned with the structural design of 
buildings, particularly in the early stages 
of planning. The book treats each aspect 
of design in the order in which it would 
be considered: thus the first chapter 
briefly reviews current American codes 
of practice and regulations, and succeed- 
ing chapters deal with the choice of 
materials, the relative merits of the 
various ways in which the main structural 
members may be disposed, the construc- 
tion of floors, roofs, walls, and founda- 
tions. Structural steel, reinforced and 
prestressed concrete, timber, masonry, 
and brickwork are considered. The 
scope may be judged from examples 
ranging from a building of eighteen stories 
of “ flat plate’ construction, that is of 
flat slabs without column capitals, to 
bungalows with block walls. Although 
the treatment is based on conditions in 
the U.S.A., the broad principles are 
applicable to this country. Precast con- 
crete, particularly prestressed precast 
concrete, is not emphasised to the extent 
that it probably would be in a European 
book on the subject. 

The book may be described as a manual 
on building construction from the poi 
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of view of a structural engineer, not 
dealing with the dimensioning of members 
but with the suitability of the possible 
methods of construction to particular 
structures, hence such varied topics as 
weatherproofing, fire-resistance, insulation 
against heat and sound, and the effects 
of expansion and contraction due to heat 
and moisture are given prominence. The 
volume is well illustrated with photo- 
graphs and drawings. 


‘* Einflussflachen fiir Kreuzwerke.’’ By 
H. Homberg and J. Weinmeister. (Ber- 
lin: Springer-Verlag. Second edition. 
1956. Price 43.50 D.M.) 

Tuts book deals with the design of beams 

for bridges and buildings. These static- 

ally-indeterminate systems are commonly 

met in structural steel design, and to a 

lesser degree in reinforced and prestressed 

concrete. In such structures the dis- 
tribution of loads depends upon the 
resistance to bending of the transverse 
girders, on the resistance to rotation of 
all the members, and upon the resistance 
of the horizontal slabs and the beams to 
shearing forces. The authors use accur- 
ate methods to assess the resistance to 
bending of the transverse members, and 
also deal with the resistance to rotation of 
the main members. This new edition 
provides solutions for the usual combina- 
tions of freely-supported and continuous 
beams. Influence areas are given for the 
static quantities so as to enable systems 
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that are many times statically-indeter- 

minate to be calculated. 

It is claimed that the tables and 
diagrams allow accurate calculations to be 
made more quickly than by the usual 
method. However, it is necessary to use 
numerous equations and symbols, and 
these must be mastered in order to apply 
the tables and diagrams. An _ intro- 
ductory chapter provides the necessary 
explanation. Proofs are not given, but 
there are references to the literature 
where these may be found. 

*“*Curso de Estatica das Construgées.’’ Vol. 1. By 
Samuel Chamecki. (Rio de Janeiro: Editoria 
Cientifica. 1956. No price stated.) 

Tuis is the first volume of a treatise, in 

the Portuguese language, which the 

author proposes to complete in four vol- 
umes for use in the course on the theory 
of structures at the University of Parana. 

This part deals with general principles 

and discusses loads, internal and external 

forces, degrees of redundancy, calculation 
of forces and bending moments, pressure 
lines, influence lines, and the calculation 
of deflections of beams and frames. It 
concludes with a chapter on factors of 
safety and the probability of failure. All 
these subjects are dealt with in about 

200 pages, and the consideration given 

to them, necessarily brief, is that common 

in Continental rather than in British or 

U.S.A. books. 


‘* Resistance of Materials.’’ 
Seely and James O. Smith. 
Chapman & Hall, Ltd. 
Price 52s.) 


By Fred B. 
(London : 
Fourth edition, 


Tuis American book of some 450 pages 
is an excellent student’s text-book written 
by authors with long experience of teach- 
ing technical subjects based on applied 
mathematics. It deals with the subject 
in a purely theoretical manner, illustrated 
with well-chosen examples related to the 
design of machines and structures, aero- 
planes, motor-cars, and so on, so that the 
student acquires a considerable knowledge 
of many interesting problems and facts 
of a very practical kind. The treatment 
of loads causing buckling of columns, 
instability, and plastic deformations is 
a special feature, and gives useful infor- 
mation on unsymmetrical bending (such 
as commonly occurs in purlins), dynamic 
effects, and how to adapt structural and 
machine parts so that they may absorb, 
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without overstress, the greatest possible 
impact within the capacity of the 
material. Fatigue of metals is clearly 
explained and illustrated with examples 
showing the effects of abrupt changes 
in sectional area which may cause harmful 
concentrations of stress. A young man 
who is versed in this book is well endowed 
for a career in one of many branches of 
engineering.—R. P. M. 





‘*An Introduction to the Theory of 
Structures.’’ By W. Merchant and A. 
Bolton. (London: Blackie & Son, Ltd. 
1956. Price 30s.) 

THE scope of this book should be sufficient 
for the requirements of the first two years 
of a course in structural engineering. 
Throughout the authors stress the inter- 
dependence of theory and _ practice, 
emphasising recent developments so far 
as is possible in an elementary course. 
Students will find the book a useful 
introduction to the subject, particularly 
as the examples are worked out in detail 
and there are numerous problems for 
solution to which answers are given. 
Brief mention is made of the enveloping 
curve obtained from Mohr’s circles which 
shows graphically the criterion of strength 
of a material; this is a useful device 
infrequently described. In the opinion 
of the writer more space could usefully 
have been given to the moment-area 
method for calculating slope and deflec- 
tion, and its derivative the conjugate- 
beam method. The treatment of the 
latter is more likely to repel the reader 
than to convince him of its value. The 
book would be easier to read if the type 
in which the examples are printed and 
the diagrams had been larger. 


The Analysis of Bridge Decks Subjected 
to Abnormal Loading. By P. B. Morice 
and G. Little. [London: Cement & Con- 
crete Association. Gratis.] 


A METHOD of analysing the effects on 
bridges of abnormally heavy loads, using 
distribution coefficients, is described. 
The determination of longitudinal and 
transverse bending moments is considered 
and it is shown how the torsional strength 
of the structure can be allowed for in 
design. A note on the calculation of 
torsional stiffness emphasises points which 
must be remembered when applying the 
method of distribution coefficients. 
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PRECAST CORRUGATED CONCRETE ROOFS. 


Precast Corrugated Concrete Roofs. 


A PAPER on methods of erecting precast 
concrete structures presented by Mr. 
Slavtscho Mirtschev, of Sofia, to a con- 
gress held at Dresden, describes the use 
of corrugated curved concrete slabs for 
roofs. These roofs are designed as two- 
pinned arches when the span is less than 
about 40 ft., and as three-pinned arches 
for longer spans. The rise is about one- 
sixth of the span, and the depth of the 
corrugations varies from about 6 in. to 
32 in. according to the span. The width 
of the slab is such that the weight is 
suitable for the crane to be used. The 
thickness of the concrete depends upon 


see 


: 





Fig. 2.—Edge-beam and Tie-bar. 
February, 1957. 





the pitch and depth of the corrugations, 
and is usually from 1, in. to 2 in. 

The materials required, including ties 
and edge-beams, comprise 12 lb. of steel 
and the equivalent of a thickness of 1} in. 
of concrete per square yard. The joints 
between adjacent units are at the crests 
of a corrugation, which improves the 
watertightness. 

A half-section through the roof of a 
factory is shown in Fig. 4. The slabs 
were precast on the site. The edge- 
beams of the slabs have a continuous nib 
which fits into a recess in the support- 
ing beam. The tie-bars pass through the 





Fig. 3.—Joint at Crown. 
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Fig. 6.—Mould and Surface Vibrator. 


edge-beam and are anchored by nuts 
screwed on the ends of the bars and 
bearing on steel washers (Fig. 2). The 
joint at the crown is formed by a half- 
round projection on one slab that fits 
into a recess in the adjacent slab (Fig. 3). 

A wooden mould for casting slabs is 
shown in Fig. 5. Concrete is distributed 
evenly in the mould commencing at the 
crown, and is consolidated by a surface 
vibrator shaped to give the required con- 
tour and supported on rails on the sides of 
the mould (Fig. 6). The edge-beams and 
crown-beams are consolidated by an 
immersion vibrator. 

A movable frame is generally used to 
support the slabs at the crown during 


erection (Fig. 1). When the two slabs 
forming an arch are in position the tie- 
bars are placed and the supporting frame 
lowered by screw-jacks until the joint at 
the crown is closed. The joints at the 
crown and along the side are then grouted. 
When subjected to a_ uniformly-dis- 
tributed load of 12 tons the factor of 
safety of a roof similar to that shown in 
Fig. 4 was estimated to be 1-3; the de- 
flection at the crown was ,% in. and at 
the quarter-points } in. No cracks were 
visible. When the load was removed 
from half of the arch the factor of safety 
was calculated to be 3-6, and some cracks 
were visible in the top of the corrugations 
of the unloaded part. 


Straightening Reinforcement Bars. 


A METHOD Of straightening bent reinforce- 
ment bars is described in a recent sum- 
mary by the European Productivity 
agency of an article in the October, 1955, 
number of the Dutch journal ‘“‘ Vraag en 
Aanbod ”’. 

For bars of small diameter a steel pipe 
is bent to the shape shown in Fig. 1(a) 
and hardened. For bars larger than } in. 
diameter a hard steel roller as shown in 
Fig. 1(b) is used ; in this case a slot is cut 
in the tube to enable the roller to bear on 
the bar and a bridge to hold the bearings 
of the roller is welded to the tube. The 
tube is held in the chuck of a lathe with a 
hollow headstock or in bearings mounted 
on a frame and is rotated at a high speed 
while the bars are pushed through the 
tube. 
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HANGAR AT GATWICK AIRPORT. 


(CONCRETE) 





Hangar at Gatwick Airport. 


A NEw hangar and auxiliary building with 
structural frames of precast concrete are 
to be erected at Gatwick Airport for 
Transair, Ltd. 

The hangar will be 282 ft. long by 112 ft. 
wide and 41 ft. high; it will have a clear 
height of 30 ft. and a maximum clear span 
of 140 ft. The roof beams will be pre- 
stressed. One of the longer sides will 
have sliding doors; on the other sides the 
spaces between the columns will be glazed. 

There will be a single-story annex, with 
a span of 27 ft. 5 in. and a height of 
13 ft. 9 in. at one end and at the closed 
longer side. On the other end there will 
be a two-story annex 19 ft. wide and 


18 ft. 3 in. high. A two-story canteen 
and office building will project from one 
end of the longer wall; this building will 
have two spans of 19 ft. and a height of 
21 ft. The superficial area of the annexes 
and the canteen and office building will be 
24,700 sq. ft., and they will all have walls 
of glazed panels. 

The architects are Messrs. Clive Pascall 
and Peter Watson.. The design of the 
structural frames is by the London Ferro- 
Concrete Co., Ltd. (by whom they will be 
made and erected), in collaboration with 
Mr. A. J. Harris, B.Sc., M.I.C.E. The 
contractors are Sir Alfred McAlpine and 
Son, Ltd. 
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VAULTS CURVED IN TWO DIRECTIONS. 


Vaults Curved in Two Directions. 
By S. SIVASWAMI, B.E., A.M.I.E.(India). 


LITTLE information seems to be available on the design of vaults curved in two 
directions, and in the following is presented a method of designing thin slabs 
corresponding to the short barrel vault but curved in two directions. 

Skew surfaces are generated by straight lines but they differ fundamentally 
from developable surfaces such as a cylinder or cone in which a single tangent 
plane touches the surface at all points along each generating line and the normals 
PN (Fig. 1) at points along a generating line are all parallel. The normals along 
AB and A’B’ intersect, and it is possible to rotate A’B’ about AB so that PN 
and P’N’ become parallel, in which case the surface becomes a plane. However, 
in a skew surface (Fig. 2) the normals do not have a fixed direction but radiate 
from the generator. Fig. 2 illustrates the difference between the generators of 








z 


Fig. 1.—A Developable Fig. 2.—A Skew Surface 
Surface. (Helix-conoid). 


a developable surface and a skew surface. As the normals of a skew surface are 
neither parallel nor intersecting they are non-coplanar. 

The membrane theory is based upon the development of hoop stresses to 
resist the normal forces. For the membrane to act as a single element, consecu- 
tive normals must meet. Lines drawn along a surface such that the con- 
secutive normals intersect are called lines of curvature, and the normal sections 
at any point through the tangent to these lines are principal sections. At every 
point on a surface there will be two principal sections, which will be at right angles 
to each other. In the case of a developable surface the generating lines are lines 
of curvature, but in the case of skew surfaces they are not. Every membrane 
other than a catenary-cylinder has to be reinforced. 

The load will be distributed in the ratio of the stiffness along the two principal 
sections. In a balanced design the membrane will be equally strong in tension 
and compression. Hence it can be assumed that the normal load is equally 
distributed in the two principal sections. The hoop stress developed will be 
— pZ with the proper sign. Curvature is assumed to be positive if the centre 
of the curvature is below the surface, and Z (the load) is positive downwards. 
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If the equation of the surface is 


z= f(x,y). ‘ ‘ : , » 
dz dz 0?z 02z 0?z 
djg=—,¢=—,7=>= =, s= —, t= —, and 
vat Ox . dy : Ox? Oxdy dy? a 
k=vVi-+fp*+¢q . : ; ‘ ee 
the principal radii of curvature are given by the quadratic equation 
(rt — s%p* — A(x + pt + (1 + gr —2spglp +kt=0. . (3) 


The projections of the tangents to lines of curvature on the plane z = 0 are 


Ra? ee 
inclined at an angle « such that tan « = 4 where - is given by 
x x 


toot — s(x + 91(2). + (C2 + PAE — (2 + aI — [Bar — (2 + 995] = 014) 


The principal radii of curvature of (1) a rectangular hyperbolic paraboloid, 
(2) right conoids, (3) a right helicoid, and (4) a single-sheet hyperboloid of 
revolution will be evaluated. 

The hyperbolic paraboloid is the simplest, and it has the fundamental 
importance in the theory of skew surfaces that the tangent plane has in the theory 
of developable surfaces. It is possible to find hyperbolic paraboloids to touch 
any skew surface along a generator. In the following its principal radii and lines 
of curvature are derived by two methods. In the first method the principal 
radii of curvature are expressed in terms of the co-ordinates x, y, z of every point 
on it, and in the second method the radii of curvature are worked out along each 
generator of the hyperbolic paraboloid. The hyperbolic paraboloid is a surface 
generated by a straight line cutting two non-intersecting lines and moving parallel 
to a given plane (Fig. 3). Where the plane is perpendicular to one of the non- 
intersecting straight lines a rectangular hyperbolic paraboloid is obtained. 

METHOD 1.—With the plane as the xz plane, the perpendicular straight line 
as the axis OY, and the common perpendicular between the two straight lines 
as the X axis, the simplest equation of a rectangular hyperboloid is 


z= mxy . ; : ; ; - (5) 








Fig. 3.—Hyperbolic Paraboloid. 
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VAULTS CURVED IN TWO DIRECTIONS. 


In the surface illustrated in Fig. 3 the planes x = A and y = B cut the surface 
along the generators. 


p=my, q=mx,r=0,s=m,t=o0. 
Therefore — s*p? + 2ksppq + kt = 0 


and otis VE FPR) Met [Eos sta} . (6) 
Equation (4) becomes dx*(r + p?) = dy*(1 + g?). 
Therefore dy — = + — és ——; sinh~! mx = + sinh-! my. 

I + m*y? VI+ m*x? 


The real root is s=ty. , . ‘ . - (7) 
that is, the projections of the lines of curvature on the plane z = o are inclined 
at 45 deg. to the co-ordinate axes. 

METHOD 2.—Let P(x,¥,2z,) be any point on the paraboloid and let O’P be 
the generator through P (Fig. 3) meeting OY at the centre point O’. Transferring 
the origin to O’ and rotating the axes of co-ordinates about OY until the X axis 
coincides with O’X and the Z axis with the normal O’N, 


z=xsinw + zcosm, x’ = x cosw — z sina, 


y =V+ Hy and 2(x, + my,z,) = my(xx, -- 22,). 


Writing m’ = = , the equation becomes 
Xy > My,2, 
z= m'y(xx, — 22,) . ; ° . - (8) 
me wera ore m' (xx, is 224) olin 
I+miy I+ mizy (9) 
a m'x,(I + m’z,y) — m’'*x,2y See 2m'*(xx, — 22,)2, 
(1 + m’'z,y)? (1 + m’z,y)? 
Any point P on the generator is given by (x 0, 0). Therefore along the generator 
p=0; g=m'xx,; r=0; s=m'x,; t = — 2m'%x,2,x; k® = 1 + g?. 
i a ; s*p? p 
Substituting in equation (3), oy a o — (1+ 9?) =o. 
Therefore as%t = —t+ Vi + 4s%(r + q*) 
= 2m'z,xs + V 4s*m'2z,2x? + 452(r + m’2x®x,?), 
I - 
Therefore 4 = ——{m'2,x + Vm'22,2x2 + 1 + m'2xtx,2} . (10) 


Similarly the angle « made by the lines of curvature with the axis X is 


given by tan a = =A 
dx 


= mage t VE + mee? + m’Bate,? (rz) 
I + m’*x2%,2 ‘ : . 
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The first method is simpler and is applicable to the case of a hyperbolic 
paraboloid. The second method is applicable to all skew surfaces that are touched 
by a hyperbolic paraboloid along a common generator. 

Surfaces known as conoids are generated by a straight line that moves parallel 
to a given plane and intersects a given curve and a given straight line not coplanar 
with the curve. The elements associated with the formation of a conoid are 
(1) the generating curve APB, (2) the axis XX, (3) the generating straight lines 
PQ’, and (4) the plane to which the straight lines are parallel (ZX). In the right 
conoid the axis is perpendicular to the plane. The generating curve may be either 
a plane curve or a skew curve as shown in Figs. 4 and 2. 

Conoidal-shaped roofs usually have plane generating curves only, but the 
method developed here is applicable to all conoids. The hyperbolic paraboloid 
is a particular case of a conoid in which the generating curve is a straight line. 
As the generating curve is in fact the envelope of its tangent, considered as moving 
according to a given law, the conoid is the envelope of a hyperbolic paraboloid 
which moves according to a related law. 

The method of obtaining the simplest equation of the hyperbolic paraboloid 
has been explained. The axes are the straight line OY perpendicular to the 
generating plane, the straight line OX being the common perpendicular of O’A’ 
and OY and OZ perpendicular to both OX and OY. Hence in elevation the 
projections of OA and OY intersect at the projection of O. The angle YOB’ 
is constant and equal to, say, a. 

In the case of a conoid the angle @ is variable, corresponding to any point P 
on the curve. The tangent PT, and hence the position of T, vary. Referred 
to axes TY, TZ and TX, the equation of the hyperbolic paraboloid touching the 
conoid along a generator can be expressed in the simple form z = mxy. As T is 
now variable, m is variable. We are thus expressing the equation of the conoid 
with reference to moving axes. The radii and lines of curvature of the moving 
hyperbolic paraboloid may now be calculated by Method 2 for the generator 
PQ and the same values are applicable to the conoid. 

The helicoid is a particular case of a conoid with a skew generating curve, 
namely the right circular helix. The method outlined for a conoid is applicable 
in this case; here, however, the generating hyperbolic paraboloid is constant but 
rotates about the axis as it moves along the axis. The equation of the helicoid 
is so simple that its radii of curvature can be derived directly. If« is the constant 
inclination of the tangent to the arc of the generating cylinder of radius a, 

















Xf ?’ A 
Fig. 4.—Conoid. 
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Fig. 5.—Single Sheet Hyperboloid. 


z=atana.d. x=ucos#. y=using. ‘ . (12) 


where u is the cylindrical radius vector of any point on the helix. 
Writing c = a tana, 
hel. Pad Y= ia oe a ” a= in (13) 
u 


u2 ut’ ut 


If # and @ are the polar co-ordinates of the projections of the curves on the 
plane z = 0, 


2 2 
pu cee geen Sus : 
c du VJ ut + c2 
where ¢ is the angle of inclination of the projection of the tangent to the lines 
of curvature to the radius wu. 

The single-sheet hyperboloid of revolution is a skew surface of a different 
class (Fig. 5). Assuming that the axis of revolution is the axis z and the origin 
is at the narrow section of the surface, OX and OY are any two perpendicular 
axes. Let A’PB’, AOB be any two sections, z = + c, equidistant from the plane 
z= 0. The generators are lines such as PQ joining conjugate diameters of the 
equal circles A’PB’, AOB. Obviously, the shape of the element of the surface 
in the neighbourhood of PQ is the hyperbolic paraboloid PP’T,, the generating 
plane being inclined at 45 deg. to the radii CP and CQ. Thus the single-sheet 
hyperboloid is also easily reduced to a hyperbolic paraboloid revolving about 
the axis z. The single-sheet hyperboloid of revolution can more easily be dealt 
with directly, as it is a surface of revolution generated by a revolving hyperbola. 
Its equation is of the form 


> aa : ; > ‘ . (14) 


The lines of curvature through any point P are the hyperbola APB and the 
circular section POR through P. If rko is the radius of the circular section and 
a the angle of inclination of the normal at P to the axis z, the principal radius 
of curvature 


p,; = PN = pseca (by Meunier’s theorem) . : . (15) 
The other principal radius is that of the curvature of the hyperbola at P (U, z). 
— (normal)* 
a eet (16) 
(semi-latus rectum)? 


It is thus clear that the hyperbolic paraboloid plays a vital role in the membrane 
theory. 
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Having found the radii of curvature p, and p, and the tangents to the lines 
of curvature PT, and PT, at any point P at which the normal is PN, the weight 
acting on unit area surrounding P may be resolved into three mutually per- 
pendicular components along PN, PT,, and PT, (Fig. 6). The component along 
the normal PN is resisted equally by hoop stresses along PT, and PT,, which act 
as direct stresses whereas the components along PT, and PT, act as shearing 
forces on the element. If the direction cosines of PZ with reference to PN, PT,, 


PT, are cos «, cos B, and cos y respectively, and if W, is the load per square foot 
at P, 





Force along PT, = W, cos 8 = X 

Force along PT, = W, cos y = Y 

Considering the element dx.dy with reference to the lines of curvature that 
form a system of orthogonal curvilinear co-ordinates on the surface, 


Force along PN = W, cosa = N 
(17) 


T, = — 4W, cosap, . . : . . (18) 
T, = + 4W, cos ap, . , , . . (19) 


T, and T, are of opposite signs as p, and p, are of opposite signs. 
For the equilibrium of the element (Fig. 7), 


oS. 1. ’ 

eo ottX=0. ©... (20) 
Ss Z. 

et eit Y=0 : . ; : . (21) 


For equations (1) and (2) to be consistent 


Sa (3 ay Jey wads ($3 ' vas Bue: a: il 


' In general (22) will not be satisfied unless p, = p, and 8 = y = 45 deg. (This 
is the case at every point in a helicoid.) This discrepancy is due to the fact 
that the displacements assumed are not consistent.* For all practical purposes 
we may assume for S the higher of the two values given by equations (20) and (21). 
Where the values of S so obtained differ considerably, it cannot be assumed that 
the normal traction is equally resisted by the hoop stresses along the principal 
sections ; it may be necessary to distribute them in a certain ratio (say 1: K) 
such that the two shearing forces are equal. 











A+ anh 
S+2: 
a Po 8 ; xin 
z seas 
y = 
- 
° v “9 L., ' & 
i= . 
> Tr = 
7, Ts nh 
Fig. 6. Fig. 7. 


* A similar discrepancy has been noticed even in the more general case of the deformation of surfaces assumed by 
A. E. H. Love. ‘Mathematical Theory of Elasticity,” article 336, page 565. 
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VAULTS CURVED IN TWO DIRECTIONS. 


It is found that in the types of vaults considered p, — p, will be about 2 to 
3 per cent. only and the angles # and y differ only by 3 or 4 deg. from 45 deg. 
Hence the discrepancy between the two values of S will be very small. 

The values of 6, and 6, obtained from equation (4) enable # and y to be found. 
The angle 6, is the angle made by the projection pt, of PT, on the plane XY with 
the axis X, and similarly 6, is the angle between the projection pt, of PT, on 
the plane XY and the axis X. 

The equations of pt, and pt, on the plane XY are therefore y = x tan 0, 
and y= x tan@,. PT, and PT, are the lines of intersections of the planes 
y = x tan 6, and y = x tan @, with the tangent plane to the given surface at 
the point P. If the equation of the curve is expressed in the form z = /(x, y), 
and if p= = and g = - the equation of the tangent plane T,PT, is 
z= px + gy + (% — px — Q))- 

The equations of PT, are y = x tanO; z= px + qy + (2, — px, — gy). 

The equations of a parallel straight line through the origin are y = x tan 9, ; 

_ s y Z rae 
z= px+qy; that is oes ey Therefore the direction 


cosines of PT, are 


I tan 6, 
V1 + tan?6, + (p+ qtan0,)? V1 + tan?6, + (p+ tan 6,)2 
p+ qtand, 
V1 + tan?6, + (p+ q¢ tan 6,)2 
Similarly the direction cosines of PT, are obtained by writing 6, = 6, in the 
foregoing. 
The direction cosines of the normal PN are 
=— ae I 
Vi+ pig Vr+pt+g@ Vi+p?4+¢@ 


The direction cosines of the vertical through P with reference to PT,, PT, 
and PN are therefore 


cos B = p+ qtand, p+ qtan 6, 


; cosy = — = 1 
V1 + tan?6, + (p + qtan6,)? V1-+ tan?6, + (p + qtan8,)? ; 
I 


cos <=> = ° 
V1 + p* + q? 


Nuclear Congress in the U.S.A. 


A NUCLEAR CONGRESS, sponsored by more than twenty U.S.A. engineering and 
technical societies, is to be held in Philadelphia from March 11 to 15, 1957. An 
International Atomic Exposition on the use of nuclear energy for civil purposes has 
been arranged in connection with the congress. Papers on the structural design of 
reactor installations and on structural protection against, and control of, fission 
products are included among the 200 technical papers to be presented. Further 


information may be obtained from Engineers Joint Council, 29 West 39th Street, 
New York 18, N.Y., U.S.A. 
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A SPORTS ARENA IN PORTUGAL. 
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A Sports Arena in Portugal. 


In November, 1951, the Municipality of 
Oporto decided to build an indoor sports 
arena. As the World Roller-skating 
Hockey Championship was to be held 
there the following July the work, includ- 
ing the demolition of an old building, had 
to be done quickly, and the structure 
designed as the work progressed. 

The Palacio dos Desportos (Fig. 1) isa 
circular building of 92 m. (302 ft.) dia- 
meter. The main floor can be adapted to 
accommodate 10,000 people. The cen- 
tral part of this floor is supported on col- 
umns and the outer circular part, 10 m. 
(33 ft.) wide, is supported by 32 triangular 
frames (Fig. 2). These frames also sup- 
port the three galleries encircling the 


so formed are filled with prestressed con- 
crete slabs. 

The main supporting structure com- 
prises the thirty-two triangular frames 
and is divided into eight segments by con- 
traction joints. The frames are 16 m. 
(52 ft. 6 in.) high and 10 m. (33 ft.) across 
the base. The outer legs follow the curves 
of the meridional arch ribs. The inner 
leg is slightly inclined and carries the main 
floor and the three galleries. The loads 
carried by the triangular frames are 
mainly from the dome. 

The dome is 72 m. (236 ft.) diameter and 
has a rise of 15 m. (49 ft.) and a radius of 
curvature of 48 m. (158 ft.). The meri- 
dional ribs transmit the lateral thrust 





Fig. 1.—Sports Arena at Oporto. 


building. The upper vertices of the tri- 
angular frames form a circle 72 m. (236 ft.) 
diameter, and support a concrete dome 
formed by thirty-two meridian ribs and 
eight ring-beams, between which are con- 
crete slabs with circular glass lights. The 
opening at the apex of the dome is covered 
by a smaller dome of reinforced concrete 
and glass, providing light and ventilation. 
The summit of the dome is accessible by 
means of a helical staircase. In the base- 
ment, covering an area of 6400 sq. m. 
(69,000 sq. ft.), are the offices, restaurant, 
bar, cloak-room, telephone booths, and so 
forth. 

The columns below the central part of 
the main floor support beams which inter- 
sect at right angles, forming a grid 7 m. 
by 6 m. (23 ft. by 20 ft.). The rectangles 


go 


directly to the triangular frames without 
an edge-beam. At first, the ribs and 
frames were joined by means of temporary 
hinges. A year after the removal of the 
shutters, when most of the contraction 
had taken place, the hinges were fixed, 
enabling bending moments to be resisted. 
The dome is covered on the outside with 
concrete made with cork aggregate and 
inside with a sound-absorbing material. 
Building began on February 10, 1952. 
In four months the building was erected 
up to the supports of the dome, concrete 
being placed at an average rate of 50 
cu. m. (65 cu. yd.) a day, and after the 
skating championship had taken place the 
dome was completed. Concreting com- 
menced at the upper ring, followed by the 
various meridians and ring-beams and 
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RITECURE 


membrane curing 





USED FOR CURING 
OVER 30 MILLION 
YARDS OF CONCRETE 


IN THE BRITISH ISLES 


Ritecure produces an impervious film 
which provides controlled moisture re- 
tention throughout the curing period 
of 28 days. 


Ritecure should be sprayed on the con- 
crete immediately after finishing. 
Spraying is a one-man operation. 

Ritecure is complete in itself, requiring 
no covering down or wetting. One coat 


only is required. 


Ritecure. This can be supplied pig- 
mented if required, 


Write for our Technical Leaflets and Specifications 


STUART B. DICKENS LIMITED 


36 Victoria Street, London, S.W.1. Tel: Abbey 4930 
Works: Old Milton Street, Leicester. Tel: Leicester 20390 
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FOR TUNNEL CONTRACTS 





TRAVELLING | SEGMENT 
FORMS MOULDS 


FR mm eee 





a 4 
USE STELMO EQUIPMENT 


for continuous production and lower costs 






If you require travelling 
forms for tunnel construc- 
tion or moulds for tunnel 
segments to any size— 
write to us to-day for full 
details 


B) the most comprehensive 


) mould service in the world 








Please note new address : 
STELMO LTD., 275 SHAKESPEARE ROAD, LONDON, S.E.24 
Telephone : Brixton 4201 
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A SPORTS ARENA IN PORTUGAL. 


finally by the panels between the ribs. 
In the meridians there were two concret- 
ing joints in order to prevent stresses 
being produced by settlement of the tim- 
ber shuttering under the weight of con- 
crete. 

Tests were made on a model (Fig. 3) at 
the National Laboratory of Civil Engin- 
eering to estimate the behaviour of the 
structure when 


subjected to various 
stresses and concentrated loads. About 
thirty vibrating charges were placed, 


which enabled stresses of 0-6 kg. per 
square centimetre (8 lb. per square inch) 


(CONCRETE) 


to be measured. Measurements were also 
made of the variations of the opening of 
the joints joining the upper vertices of the 
triangular frames, and vertical and radial 
displacement of certain points. A _ per- 
spex model was built to a scale of 1 : 75 for 
testing under similar conditions, and elec- 
tric extensometers were placed at points 
corresponding to those where the charges 
had been placed in the large model. 
The architect is Sr. J. Carlos Loureiro. 


Sr. Anténio A. Santos Soares is the 
engineer, and Sr. A. Ramalheira the 
contractor. 


Edge-beams of Slabs Spanning in Two Directions. 


WE have received the following note from 
Mr. P. Cohen, B.Sc., of Johannesburg, on 
a method of calculating the maximum 
bending moments and shearing forces on 
the beams along the edges of rectangu- 
lar slabs spanning in two directions and 
supporting a uniformly-distributed load. 
The method is based on the B.S. Code of 
Practice No. 114 (1948), Clause 309¢ (iv) 
1). 

ili w is the equivalent load 
per foot, that is the constant uniformly- 
distributed load that produces the same 
maximum shearing force or bending 
moment as is produced by the triangular 
or trapezoidal load in Fig. 1. p is the 
total uniformly-distributed load per square 
footofslab. Ly, is the length of the shorter 
beams in feet. Ly is the length of the 


























longer beams in feet. F is the ratio rah 
y 
J is the shearing constant 
—F 
= 3 K is the bending moment con- 
tant 3” 
stan a 
45" 
WA 
Pod 
Fig. 1. 
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TABLE I. 

f- J K 

0-0 | 0-50 | 0-50 
O-1 | 0-48] 0-50 
0:2|0-45| 0-49 
0-3 | 0-43 | 0-49 
O-4 | 0:40 | 0-48 
O-5 | O- 58 | 0-46 
0O-6|0°-35 | 0:44 
0-7 | 0-33 | 0-42 
0-8 | 0-30 | 0-40 
O-9 | 0-28 | 0:37 
1-O}0°:25 10-34 








Table | gives J and K for values of F. 

For the shorter beam the equivalent 
load (w) to produce the maximum shear- 
ing force is 


L 
p= lb. per ft., 


and to produce the maximum bending 
moment 


L 
es Ib. per ft. 


For the longer beam the equivalent load 
to produce maximum shearing force is 
JpLx \b. per ft., 


and to produce the maximum bending 
moment the equivalent load is 


KpL, Ib. per ft. 
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FIREPROOF FLOORS 


The most adaptable System of Suspended Hollow 
@ Concrete Floor and Roof Construction for large © 


and small spans. 







Smith’s Two-Way Reinforced 
Floor for distribution of point 
loads with efficiency and 








Showing Two-Way Reinforcement 
and Hollow Concrete Blocks laid 
on Trianco Telescopic Centers. 





Illustrating the continuous Soffit 
with natural Key to which plaster 
readily adheres without hacking or 
other preparation to form finished 


ceiling. 


2 WAY REINFORCED Fer 


Licensees 


SUSPENDED (a 


COMPANY LIMITED 


CONCRETE FLOORS eects 


WORCS. 
"PHONE : DUDLEY 4315 














SMITH’S FIREPROOF FLOORS LTD 
IMBER COURT + EAST MOLESEY «+ SURREY 


EMBerbrook 3300 (4 lines) 
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CONCRETE WATERPROOFERS 


CONCRETE WATERPROOFING 
MATERIALS 





ACCELERATORS 
FLOOR HARDENERS 


BONDING MATERIALS, ETC. 





Sternson No. 300 #£4Waterproofing Admixture for Concrete and Mortar. 
Sternson No. 310 Concrete Accelerator, Hardener and Dustproofer. 
Sternson No. 340 Concrete Accelerator, Hardener and Dustproofer. 
Sternson No. 355 #To Rapid-Set Cement for Waterproofing Operations. 
Sternson No. SOO Metallic Jointing Material for Concrete or Brick. 
Sternson No. 610 # Metallic Bonding Between Old and New Concrete. 
Sternson No. 620 #£Metallic Hardener for Heavy Duty Concrete Floors. 


WETTING AGENTS 

MASTIC IRON 4 
Other Materials include: . 

PLAIN AND COLOURED 


WAX POLISHES, ETC. 





Write for our Technical Leaflets and Specifications 


STUART B. DICKENS LIMITED 


36 Victoria Street, London, S.W.1. Telephone: Abbey 4930 
Works: Old Milton Street, Leicester. Telephone: Leicester 20390 
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Translucent Dome 


THE translucent dome shown in the illus- 
trations forms the roof of the music room 
at Netteswell Modern Grammar School, 
Harlow. The roof (Figs. 1 and 2) is a 
segment of a sphere of 31 ft. 2 in. diameter 
centre to centre of bearings-; the overall 
thickness is 2% in. nominal. 

Toughened glass lenses of 4? in. nominal 
diameter and 2% in. deep were placed on 
the centering at 10} in. centres, and the 
spaces between them filled with concrete 
in the proportions of 1 part rapid-harden- 
ing Portland cement, 1} parts graded 
river sand, and 3 parts graded granite 
chippings with a maximum size of ¢ in. 
The water-cement ratio did not exceed 0-5. 
This mixture produces a dense impervious 
concrete with a compressive strength ex- 
ceeding 5000 lb. per square inch at seven 
days. The elastic modulus of the concrete 
is between 3 x 10° and 3-5 x 10° lb. per 
square inch, and that of the glass lenses is 
between 10 x 10° and 10-7 x 108, result- 
ing in a modular ratio of about 3:1 








TRANSLUCENT DOME OF 31 FT. DIAMETER. 


of 31 ft. Diameter. 


between the glass and the concrete. The 
concrete has a coefficient of thermal 
expansion of about 5 x 10~* per deg. F. ; 
this is almost the same as that of the 
glass so that changes of temperature have 
the same effect on both materials. 

The centering was lined with hard- 
board, upon which the lenses were set 
before the reinforcement was placed. 
The area of the roof is 881 sq. ft., and 
concreting was carried out continuously 
in order to avoid construction joints. 
The soffit was sprayed with }-in. thickness 
of white asbestos fibre for acoustical 
purposes. 

The roof was designed as a “‘ flat dome”’, 
that is assuming that no hoop tension 
would be present. The radial thrust is 
resisted by a peripheral tensile band at 
the springing (Fig. 3). The only super- 
imposed load provided for was 15 lb. per 
square foot for snow. Originally it was 
intended to construct the dome together 
with the circular lintel and cantilevered 


Fig. 1.—View of Underside. 
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TRANSLUCENT DOME OF 31 FT. DIAMETER. 


(CONCRETE) 








Fig. 2. 


canopy, but this idea was abandoned so 
as to avoid a reversal of stress near the 
periphery with the consequent risk of 
tensile cracks in the upper surface. 
Freedom of movement at the bearing is 
achieved by lining the rebate with bitu- 
minous felt and filling with an expansion 
jointing material. The joint was weather- 
proofed by turning the asphalt from the 
canopy into a rebate around the peri- 
meter. The secondary stresses together 
with the effects of wind and suction over 
parts of the surface were indeterminate, 








3!’ 10" dion clear ope~-g belvee- woile 


and it was chiefly for this reason that 
toughened lenses were used; during 
manufacture these lenses are thermally 
case-hardened and will withstand a tensile 
stress of 20,000 lb. per square inch so that 
they can resist reversals of stress of short 
duration. 

The architects for the school are Messrs. 
Hening & Chitty, in conjunction with the 
County Architect of Essex. The consult- 
ing engineers are Messrs. Andrews, Kent 
& Stone. The dome was designed and 
constructed by Lenscrete, Ltd., of London. 
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Fig. 3.—Details of Dome. 
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333 Simplex Cast-in-situ Concrete Piles were used in the foundations 
of the Municipal College Extensions in Anglesey Road, Portsmouth 


Architect to the City of Portsmouth: F. Mellor, Esq., F.R.I.B.A. 


Write for Illustrated Brochure 


SIMPLEX CONGRETE PILES i710. 


25 BRECHIN PLACE, SOUTH KENSINGTON, LONDON, 8.W.7 


Telephone: Fremantle 0036-6 
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WIREWELD reinforcement is a high tensile steel fabric, manufactured from 
Cold Drawn steel wire, electrically welded at all intersections, to B.S. 1221, 
Part A. Made in square mesh and oblong mesh, it gives maximum strength 
with a minimum of metal. 
WIREWELD reinforcing fabric in the floors means less thickness of the floors 
and greater loads on the floors. With greater flexibility of planning and more 


space for use, WIREWELD represents both an initial and cumulative economy. 


i 


A PRODUCT OF TWISTEEL REINFORCEMENT LTD. 
LONDON: 43 UPPER GROSVENOR STREET, W.1 (GROSVENOR 1216) BIRMINGHAM: ALMA STREET, SMETHWICK, 40 (SMETHWICK 1991) 
MANCHESTER: 7. OXFORD ROAD, MANCHESTER, | (ARDWICK 1691) GLASGOW: 30 PINKSTON ROAD, GLASGOW, C.4 (BEL 2444) 
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DurInc the months of April to December 
(except August) the popular training 
courses arranged by the Cement and 
Concrete Association will be held at the 
Association’s training centre at Wexham 
Springs, near Slough, Buckinghamshire. 
The total cost of a course of 44 days-does 
not exceed {10, including board and 
lodging at the Association’s hostel. The 
courses are as follows. 

April 2 to 4: Road and bridge design 
and construction (for chief technical 
officers of local authorities). 

April 8 to 12, April 29 to May 3, and 
May 6 to 10: Structural concrete (for 
supervisors). 

May 20 to 24, May 27 to 31, and June 
3 to 7: Structural concrete (for engineers). 

June 17 to 21: Concrete road and soil- 
cement construction (for supervisors). 

July 1 to 4: Soil-cement construction 
(for engineers). 


July 15 to 19: Concrete road construc-- 


tion (for engineers). 

September 9 to 13: Concrete construc- 
tion (for builders). 

September 16 to 27: Course for over- 
seas engineers in conjunction with the 
British Council. 

October 7 to 11, October 14 to 18, and 
October 21 to 25: Properties of concrete 
and control of quality (for engineers). 


NEW MILD STEEL 


Reinforcing Bars 


cut to lengths or 
bent to schedule 


Wide range of sizes for good deliveries 
Also : Joists, Sections, Angles, etc. 


CONTACT 


WELBECK TRADING CO. 
(LONDON) LTD 


Welbeck House, Baches St., City Road, 
London, N.|I. 


Telephone: CLErkenwell 4373 (PBX [0 lines) 
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TRAINING COURSES ON CONCRETE. 


Training Courses on Concrete. 


November 4 to 8: Concrete products 
(for members and employees of firms 
subscribing to the Research Committee 
for the Cast Stone and Cast Concrete 
Products Industry). 

November 11 to 15: Design of pre- 
stressed and reinforced concrete bridges 
(for engineers). 

November 18 to 22, November 25 to 
29, and December 2 to 6: Advanced 
structural concrete (for engineers). 

Full details are obtainable from the 
Cement and Concrete Association, 52 
Grosvenor Gardens, London, S.W.1. 


Chair in Structural Engineering. 


A CHAIR in Structural Engineering has 
been created in the Faculty of Technology 
of the University of Manchester and the 
Manchester College of Science and Tech- 
nology. This is the first Chair in the 
subject in this country. The appoint- 
ment of Mr. Wilfred Merchant, M.A., 
D.Sc., has been approved. 


Symposium on ‘ Shell’’ Roofs. 


A SYMPOSIUM on shell roof construction, 
organised by the Norwegian Engineering 
Society and the Norwegian Concrete 
Association, is to be held at Oslo from 
July 1 to 3, 1957. Further details from 
the Organising Secretary, Den Norske In- 
genioforening, Kronprinsens gt. 17, Oslo. 
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Trent Gravels 


10,000 tons per week 
Washed & Crushed 14 in. to 3} in. 


We are the leading suppliers of high-class concrete 

aggregates in the area shown above. Prompt 

an guaranteed and keen competitive prices 
uoted. Send for samples and prices. 


TR ENT GRAVELS LTD 


ATTENBOROUGH NOTTS 
Telephone: Beeston 54255. 
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LECTURES ON BUILDING. 


(CONCRETE 





Lectures on Building. 


THE following lectures have been arranged 
by the Ministry of Works. Admission is 
free. 

Thermal Insulation of Buildings. By 
Frank King. Golden Lion Hotel, King 
Street, Stirling. February 14, 7.15 p.m. 

Safety in the Building Industry. By 
J. A. Hayward. College of Art, Green 
Lane, Derby. February 14, 7.15 p.m. 
And College of Technology, Anglesea Road, 
Portsmouth. February 20, 7.15 p.m. 

The Builder and his Contract. By 
Norman P. Greig. Technical College, 
Stoke Park, Guildford. February 27, 
7.15 p.m. 

Recent Developments in Prestressed 
Concrete. By S. C. C. Bate. College of 
Technology, Maidstone Road, Chatham, 
Kent. February 14, 7.15 p.m. Also 
Technical College, Chesterfield Road 
South, Mansfield. February 28, 7.15 p.m. 

The R.1.B.A. Form of Contract. By 
J. Stuart Daniel. Hammersmith School 
of Building, Lime Grove, London, W.12. 
February 14, 7 p.m. 

Foundation Problems. By N. H. 
Buchi. Technical College, Northgate, 
Darlington. February 19, 7 p.m. 

Some Notable Concrete Buildings. By 
R. C. Blyth. Technical College, Cherry 
Street, Stafford. February 19, 7.15 p.m. 

Legal Obligations of Building Con- 
tractors. By John J. Clarke. College of 
Further Education, Newtown Road, Here- 
ford. February 20, 7.15 p.m. 

Application of Soil Mechanics to Build- 
ings. By A. L. Little. College of Tech- 
nology, Park Street, Hull. February 20, 
7.15 p.m. 

Soil Mechanics in the Building Industry. 
By M. W. Leonard. Technical College, 
Denzil Road, London, N.W.10. Febru- 
ary 22, 7 p.m. 

Weathering and Deterioration of Con- 
crete Renderings. By C. Hobbs. Tech- 
nical College, Collier Road, Cambridge. 
February 25, 7.30 p.m. 

Development Trends in Building Plant. 
By W. R. Matthews. College of Tech- 
nology and Commerce, The Lansdowne, 
Bournemouth. February 26, 7.30 p.m. 

Mixing and Distribution of Concrete. 
By A. G. Stone. Marine and Technical 
College, St. George’s Avenue, South 
Shields. February 26, 7 p.m. 

Introduction to Site Costing for Build- 
ers. By A. E. Chittenden. Wyndham 
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Hotel, Dunraven Place, Bridgend. 
ruary 26,7 p.m. Also Shire Hall, Haver- 
fordwest. February 27, 7 p.m. And 
Technical College, Alban Road, Llanelly. 
February 28, 7 p.m. 

Surface Finishes of Concrete. By J. G. 
Wilson. Harris Institute, Corporation 
Street, Preston. February 27, 7 p.m. 

Field Maintenance of Builders’ Plant. 
By J. Stafford. College of Technology, 
Howard Street, Rotherham. February 
27, 7.15 p.m. 

Essentials of Good Concreting. By 
E. E. H. Bate. Technical College, 
Keighley. February 28, 7.15 p.m. 


Feb- 


The late Arthur Wates. 
We regret to announce the death, at the 
age of 76, of Mr. Arthur Wates, who, with 
his brother Edward, founded in 1902 the 
firm of Wates, Ltd., building and civil 
engineering contractors. 





Bound Volumes of 
** Concrete and Constructional 
Engineering ”’ 


BINDING cases for annual volumes of 
“Concrete and Constructional En- 
gineering ’’ can be supplied in cloth- 
covered boards lettered in gold on the 
spine with the title, volume number, 
and year of publication. Copies for 
binding should be sent post paid to 
Concrete Publications Ltd., 14 Dart- 
mouth Street, London, S.W.1. Where 
possible, missing numbers will be sup- 
plied at the published price to make 
up incomplete sets, but as many of 
the numbers published during the past 
few years are not available it is advis- 
able to ask the publishers whether they 
have the numbers required before send- 
ing incomplete sets. The cost of cloth- 
covered lettered cases is 6s. 3d. for 
each volume. The cost of supplying 
a case and binding a volume is 16s. od. 
including packing and carriage. 
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MISCELLANEOUS ADVERTISEMENTS. 





Situations Wanted, 4d. a word : minimum, 
7s. 6d. Situations Vacant, 5d. a word: 
minimum, 10s. Other miscellaneous adver- 
tisements, 5d. a@ word: 10s. minimum. 
Displayed advertisements, 35s. per column 
inch. Box number ts. extra. 


Advertisements must reach this office by the 
23rd of the month preceding publication. 














SITUATIONS VACANT. 


SITUATIONS VACANT. Consulting structural engineers 
in new modern offices conveniently situated in Central 
Liverpool have vacancies for reinforced concrete and 
structural steel designer-detailers, in the salary range of 
£600-£800 per annum. Special opportunities exist for those 
interested in nuclear energy projects, and appointments 
in this field carry additional increments in salary. Posi- 
tions offered are permanent with excellent prospects. Staff 
bonus and superannuation schemes are in operation. 
Apply in confidence, giving age and full details of experi- 
ence, to Box 4321, CONCRETE AND CONSTRUCTIONAL 
ENGINEERING, 14 Dartmouth Street, London, S.W.1. 


SITUATION VACANT. Detailer-draughtsman required 
for varied reinforced concrete work in sub-contractors’ 
head office opposite Euston Station. Permanent, pro- 
gressive, and superannuated post. Five-days’ week. 
Telephone for appointment. EUS. (London) 4096. 


SITUATION VACANT. Civil engineering draughtsman 
required for work in London office of large civil engineering 
contractors. Work of varied nature, with scope for 
initiative and advancement. Commencing salary {600- 
£800 depending on experience. Five-days’ week and 
luncheon vouchers. Pension scheme operates. Box 4228, 
CONCRETE AND CONSTRUCTIONAL ENGINEERING, 14 Dart- 
mouth Street, London, S.W.1. 


SITUATIONS VACANT. Senior reinforced concrete 
designers wanted by leading reinforced concrete engineers 
and contractors. Must be fully conversant with Code of 
Practice, L.C.C. Bye-Laws, and able to design light-framed 
structures from estimating stage to final details. Five- 
days’ week. Pension scheme. Progressive position. 
Starting salary from {900 upwards according to ability. 
Juniors also required, similar conditions. Write Box 
4172, CONCRETE AND CONSTRUCTIONAL ENGINEERING, 14 
Dartmouth Street, London, S.W.1. 


SITUATIONS VACANT. Assistant structural engineers 
required with experience of reinforced concrete design. 
Experience of precast techniques advantageous. Salary 
according to experience and qualifications. Apply in 
writing to TECHNICAL MANAGER, THe ScottisnH Construc- 
tion Co., Ltp., Sighthill Industrial Estate, Edinburgh. 


SITUATION VACANT. Assistant resident engineer re- 
quired for major road and bridge contract in London area. 
Experience of reinforced and prestressed concrete bridge 
construction, earthworks, and concrete roads, advantageous. 
Salary up to {1,200 per annum. Write, stating age, 
qualifications and details of experience, to Harry Brompton, 
Consulting Engineer, 7 Hobart Place, Westminster, S.W.1. 


LONDON COUNTY COUNCIL 
ARCHITECT’S DEPARTMENT 


Vacancies for STRUCTURAL ENGINEERS in 
the DISTRICT SURVEYORS’ SERVICE. Duties 
include checking of calculations and/or supervision 
of works in ss. Structural knowledge 
essential. GRADE“: II (salary on scale {987 to 
fi ro pmearey IIIS (up to ” 6987), and ASSIS- 

(up to £818), with starting rates according 
to qualifications and experience. 

Particulars and application forms obtainable 
from Tue Arcuitect (AR/EK/DS/5), County 
Hall, S.E.1. (2082.) 





SITUATIONS VACANT. Senior reinforced concrete de- 
signers required. Must be experienced in the design of 
foundations and structures. igh salaries will be paid to 
suitable applicants. Modern semi-detached houses avail- 
able shortly. Grant towards removal expenses. Pension 
scheme. Apply the Power-Gas Corporation Lrtp., 
Stockton-on-Tees. 

SITUATIONS VACANT. The Trussed Concrete Steel 
Co., Ltd., have vacancies in their London, Harlow, Glas- 
gow, Birmingham, and Manchester offices for reinforced 
concrete designers and detailers. Five-days’ week, pension 
scheme. Apply, giving full particulars of age, education, 
and previous experience, to the ENGINEERING MANAGER, 
Truscon House, 35-41 Lower Marsh, London, S.E.x. 
SITUATIONS VACANT. Taytor Wooprow Construc- 
TION, Ltp., offer first-class prospects for active and ex- 
perienced site civil engineers, structural design engineers, 
and soil mechanics geologist engineers. Apply to S.E., 
Ruislip Road, Southall, Middlesex. 

SITUATION VACANT. Consultant requires reinforced 
concrete detailer with elementary design knowledge Six 
to eight years’ drawing office experience. Good wages. 
Hammersmith area. Box 4410, CONCRETE AND Con- 
STRUCTIONAL ENGINEERING, 14 Dartmouth Street, London, 
S.W.1. 

SITUATIONS VACANT. Reinforced concrete designers 
and dctailers required for work on varied and interesting 
projects. 35-hours’, 5-days’ week. Half-yearly bonus. 
Pension scheme. Apply in writing to A. C. Witson & 
Partners, Ltp., Design House, The Mall, Ealing, London, 
W.5, or telephone Mr. J. Cutrer at Ealing 9843 for an 
appointment. 

SITUATION VACANT. Quantity surveyor, age 27-30, 
required by consulting engineer to take charge and develop 
quantity surveying section. Work is mainly on heavy 
civil and structural projects, and duties will involve 
negotiations with clients and contractors. Good salary, 
bonus, etc. Apply in writing to Matcotm GLover & 
PARTNERS, 276 Terminal House, London, S.W.1. 
SITUATION VACANT. Resident engineer required 
urgently for multi-story reinforced concrete office blocks, 
Paddington area. Only men with experience need apply 
in writing to CLarKe Nicwoitits & Marcer, Consulting 
Engineers, 21-29 Westbourne Grove, Bayswater, London, 
W.2. 


SITUATIONS VACANT. Reinforced concrete detailer 
draughtsmen required with some knowledge of design. 
Must be capable of preparing foundation layouts. Salary 
commensurate with experience. Apply to Pitinc Depart 
MENT, THe CeMENTATION Co. Lrp., 20 Albert Embankment, 
London, S.E.11. Telephone: RELiance 7654. 


THE CEMENTATION CO. LTD. 


invites applications from university graduates or 
other suitably qualified persons for the following 
posts in their Research and Development Labora 
tories at Bentley, near Doncaster. Salary will in 
each case depend upon age and experience. 
Excellent long-term prospects are open and the 
positions are permanent and superannuable. 


1. PHYSICAL CHEMIST—A sound knowledge of 
the physical and chemical properties of colloids 
and the crystal structure of silicate minerals is 
essential. 


2. CONCRETE ENGINEER—A general under- 
standing of the factors affecting the properties of 
cement, grout and concrete, and experience in the 
development and testing of these materials in the 
laboratory are required. 


Applications in respect of both these positions 
giving full particulars of educational and profes- 
sional qualifications, age, experience, and salary 
required, should be addressed to the Research 
Engineer, Toe Cementation Co. Ltp., P.O. Box 
No. 2, Bentley Works, Doncaster. 
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SITUATION VACANT. Consulting engineers, West- 
minster, require a designer of structures able, under general 
direction of a partner, but otherwise by himself, to devise 
a structural scheme and to develop it in detail for con- 
struction by contractors, and generally to supervise its 
construction. Such work will be mainly for multi-story 
buildings. Salary to begin {1200 to {1500 according to 
experience. Box 4413, CONCRETE AND CONSTRUCTIONAL 
ENGINEERING, 14 Dartmouth Street, London, S.W.1. 


SITUATION VACANT. Reinforced concrete designer- 
draughtsman for work in Sunbury or London office. Five- 
days’ week. Salary {800-{1000 according to experience. 
Apply, stating age and details of experience, to J. H. 
Coomss & Partners, Consulting and Thames 
Corner, Sunbury-on-Thames, Middx. 


SITUATIONS VACANT. Reinforced concrete designers 
and detailers interested in widening their experience should 
apply to Ove Arup & Partners, 8 Fitzroy Cireet, London, 
W.1. Telephone: Langham 7781. 


SITUATIONS VACANT. R. L. Bourgut & Partners, 
Thermix House, Kingston-on-Thames, require detailers 
immediately for reinforced concrete work. Only first-class 
draughtsmen with good printing and linework considered. 
Knowledge of design an advantage, but ability to detail 
from calculations essential. Should be able to construct 
general arrangement drawings from sketches of industrial 
structures, framed buildings, etc. Above-average salaries 
offered to competent and conscientious men. Full holidays 
this year. Telephone for appointment to Elmbridge 0439 
(office hours) or Elmbridge 2654 (evenings). 


SITUATION VACANT. Senior structural engineer re- 
quired by growing firm of consulting engineers. Applicants 
preferably over 30 years old and experienced in design and 
site supervision of reinforced concrete. A knowledge of 
steelwork would be an advantage. Varied and interesting 
and excellent prospects. Offices in 
Central London. Five-days’ week. Holiday arrange- 
ments will be honoured. Send full particulars, and salary 
required, in confidence, to ALAN MarswaLu & ParTNeErs, 
115 Gloucester Place, London, W.1. 





AIR MINISTRY Works Designs Branch requires 

in London, STRUCTURAL ENGINEERING 

DESIGNER/DRAUGHTSMEN for reinforced con- 

crete or structural steel work with sound technical 

training and several years’ varied experience in 

design/detailing of :— 

(a) Reinforced concrete construction for all types 
of buildings, or 

(6) Steel framed sheds, warehouses and similar 
buildings. 

Salaries up to £790 per annum. Starting pay 
dependent upon age, qualifications and experience. 
Long-term possibilities with promotion and 
pensionable prospects. Five-days’ week. Three 
weeks three days’ leave a year. Normally natural 
born British subjects. Write, stating age, qualifi- 
cations, employment details, including type of 
work done, to any Employment Exchange, quoting 
Order No. Borough roor. 








SURREY COUNTY COUNCIL 


Applications invited for following appoint- 
ments :— 


1. ASSISTANT STRUCTURAL ENGINEER 
GRADE IV, £727 15s. od. to £907 2s. 6d. p.a. 
plus £30 London Allowance. Qualified Civil | 

} or Structural Engineers experienced in design | 

and detailing in steel and/or reinforced con- 

crete. Ability to deal with a contract through 

all stages. 


2. STRUCTURAL ENGINEERING ASSISTANT 
GRADE II, £609 17s. 6d. to £691 17s. 6d. p.a. 
plus L.A. up to £30 p.a. Experienced in 
detailing steelwork and/or reinforced concrete 
for medium sized buildings. Ability to design 

} an advantage. 

Full details, present salary and 3 copy testi- 
monials to County Architect, County Hall, King- 
ston, as soon as possible. 
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LONDON COUNTY COUNCIL | 
ARCHITECT’S DEPARTMENT 
| 


Vacancies in the Structural Engineering Divi- 
sion for Resident Engineers (salary up to £987). 
Candidates should have B.Sc., A.M.LC.E., or 
A.M.LStruct.E., preferably with experience in 
supervision of reinforced concrete and/or steel- 
framed structures on the site, although those with 
adequate knowledge and experience of design alone 
will also be considered. Application forms from 
Arcuitect (AR/EK/RE/4), The County Hall, 
London, S.E.1. (16.) 


SITUATION VACANT. Reinforced concrete detailing 
draughtsman, with knowledge of design an advantage, 
required by consulting engineer engaged in all types of 
structures. Salary {500-{750 according to experience. 
Write, stating full particulars, to P. R. Ross, 
A.M.L.Struct.E., 7 Connaught Place, London, W.2. 


SITUATIONS VACANT. Birmingham district. Designer- 
detailers required for reinforced concrete specialists’ office. 
Varied and interesting work on many different types of 
structures. Modern offices. Five-days’ week, pension 
scheme, canteen. Apply ‘Twistee.’ REINFORCEMENT 
Lrv., Alma Street, Smethwick, Staffs. 


SITUATIONS VACANT. Precast prestressed concrete. 
Senior and junior designers and detailers required for 
interesting work on structural frames for all types of 
buildings. Good progressive salaries with profit-sharing 
bonus. Pension and life assurance schemes. CONCRETE 
Lrp., Green Lane, Hounslow, Middx. 


SITUATION VACANT. Company of reinforced concrete 
engineers require a technically trained representative to 
function as assistant to their divisional engineer operating 
from their York office. Write, stating age, experience and 
present salary, to Box CE.285, 191 Gresham House, 
London, E.C.2, 

SITUATIONS VACANT. Draughtsmen required for 
setting-out and detailing masonry. Experience of large 
contracts necessary. Good salary, five-days’ week, super- 
annuation. Write Girtincstone, Feltham, Middx. 
SITUATIONS VACANT. Draughtsmen experienced in 
precast concrete hollow-beam flooring required. Good 
salary, superannuation. Write GirtincsTone, Feltham, 
Middx, 


SITUATIONS VACANT. Acrow require draughtsmen 
and designer-draughtsmen, age around 25 years, for their 
steel formwork division. Vacancies occur due to existing 
staff being promoted to important positions in our Canadian 
company. Highest salaries paid, and excellent —_ 
of advancement afforded to competent men capable of 
working on own initiative. Apply, giving full details of 
experience, and commencing salary required, to Mr. R. J. 
Tootry, Acrow (Encineers) Lrp., South Wharf, Pad- 
dington, London, W.2. 

SITUATIONS VACANT. Consulting engineers require 
reinforced concrete designers and detailers for varied and 
interesting structures. Opportunity for experience of 
steelwork. Five-days’ week. Applications in strict con- 
fidence stating full details, including salary required, to 
ALAN MarsHatt & Partners, 115 Gloucester Place, 
London, W.1. 


LONDON COUNTY COUNCIL 
ARCHITECT’S DEPARTMENT 


Vacancies for Engineering Assistants (up to 
£817) and Engineer Grade III (up to £987) in the 
Structural Engineering Division. 

The Division's work covers a programme of total 
value {12 millions this year, including multi-story 
flats, schools, office, warehouse and other buildings. 

Particulars and application forms from the 
Arcuitect (AR/EK/SE/3), The County Hall, 
London, S.E.1. (15.) 
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POSTS OF 
CHIEF ENGINEER AND POWER 
ENGINEER, 
CEMENT FACTORY, 
KANKESANTURAI, CEYLON. 


Applications are invited for the posts of : 
(a) Chief Engineer 
(b) Power Engineer 
for the Cement Factory, Kankesanturai, Ceylon. 


(a) CHIEF ENGINEER.—Emoluments: For 
non-Ceylonese, between Rs. 2,100-100-3,000 per 
month without allowances but free of income 
tax. 


QUALIFICATIONS: (1) Degree in mechanical 
engineering and/or corporate membership of a 
recognized professional institution of mechanical 
engineers. 

(2) (a) Sound practical experience as a mech- 
anical engineer in a responsible capacity. 
(b) Not less than 5 years’ experience as a 
cement works’ engineer with specialized know- 
ledge of the dry process of cement manufacture. 


(3) Experience in power generation, distribution 
and installation. A knowledge of chemical 
engineering will be an added qualification. 

(4) Knowledge of the English language. 


(b) POWER ENGINEER.—Emoluments: For 
non-Ceylonese, between Rs. 1,800-100-2,200 per 
month without allowances but free of income 
tax. 


QUALIFICATIONS: (1) Corporate membership 
of a recognized professional institution of 
electrical engineers. 

(2) Sound practical experience in a responsible 
capacity in the following: 
(a) operation and maintenance of high 
powered Diesel engines. 
(b) power generation, transmission and 
installation. 


(3) Knowledge and experience of mechanical 
engineering will be an added qualification. 


(4) Knowledge of English language. 


Terms of Engagement: The appointment to 
each post will be on agreement for a period of 3 
years in the first instance subject to renewal by 
mutual consent. . 


Note: The selected candidate for each of the 
above posts may be placed at a point on the scale 
at the discretion of the Corporation Board having 
regard to his qualifications and experience. 

Applications should reach the undersigned not 
later than 20 February, 1957. 

Further particulars to be obtained from the 
office of the Ceylon Embassy or the Ceylon High 
Commission for the countries concerned. 


Cc. COOMARASWAMY, 
Chairman, 
“* Kankesan Cement Works’’ Corporation. 
110 General’s Lake Road, 
Colombo, 2, Ceylon. 


31 December, 1956. 








SITUATION VACANT. Senior designer-draughtsman 
required by well-known London firm of reinforced concrete 
engineers. Applicants must be experienced in the design 
of reinforced concrete structures as applied to housing 
commercial buildings, and familiar with Codes of 
Practice and Building Regulations. Good salary offered, 
Progressive post. Pension scheme. Write fullest parti- 
culars to Box 4415, ConcRETE AND CONSTRUCTIONAL 
ENGINEERING, 14 Dartmouth Street, London, S.W.1. 








THE PORT OF LONDON 
AUTHORITY 


have vacancies in their Drawinc Orrices for 
Tecunicat Assistants of various grades, for 
StructuraL Encineerinc Desicn anp Dertatt- 
InG. Saary within the range of £645 to £956 per 
annum. 


Minimum qualifications are the holding of the 
Ordinary National Certificate in appropriate sub- 
jects and at least 3 years’ experience in a design 
drawing office. Higher National Certificate is 
required for the higher grades. Experience in the 
design and detailing of reinforced concrete is 
essential but knowledge of steelwork design will be 
an advantage. 


It is the Authority's policy to encourage Tech- 
nical Assistants to study for higher qualifications 
and facilities are provided accordingly. 

Applications giving age, qualifications, and full 
details of experience should be addressed to the 
ESTABLISHMENT OFFicer, Port oF LONDON 
Avutuority, Trinity Square, London, E.C.3. 




















SITUATION WANTED. 


SITUATION WANTED. Part-time work wanted. Ex- 
perienced engineer, B.Sc., offers to assist consultants by 
undertaking structural design work, including calculations 
and drawings. Box 4414, CONCRETE AND CONSTRUCTIONAL 
ENGINEERING, 14 Dartmouth Street, London, S.W.1. 


FOR SALE. 


FOR SALE. New bar-benders for immediate delivery. 
Besco No. 2 size hand-lever operation. Capacity: Cold 
bars up to 4 in. x & in.; j in. diameter; 2? in. square; 
notched angles 4 in. x in. Hot bars up to 4in. x § in. 
or equivalent. Special blocks available. Fully illustrated 
leaflet and price from F. J. Epwarps Lrp., 359 Euston 
Road, London, N.W.1 (Euston 4681), or 41 Water Street, 
Birmingham, 3 (Central 7606). 


FOR SALE. “Scriven’’ motor-driven punching and 
angle shearing machine. Punches up to 1 in. diameter 
through ? in. thick. Shears angles 6 in. x 6 in. x 3? in. 
Depth of gap 13? in. With or without electrical equipment. 
Weight about 16} tons. Photos and full details from 
F. J. Epwarps Ltp., 359 Euston Road, London, N.W.1 
(Euston 4681), or 41 Water Street, Birmingham, 3 (Central 
7606). 


FOR SALE. New Schluter “ baby’’ shearing machines 
forsale. Suitable for cutting plates of any length or width, 
fe in. thick or equal. Arranged for motor drive, 400 volts, 
3-phase, 50 cycles. Length of blades 17? in. Capacity : 
round bars } in., squares § in. Others with 12}-in. blades 
for %-in. plates, and 93-in. blades for rounds and squares 
up to } in., plates, angles, tees, etc. Full details available 
— F. J. Epwarps Ltp., 359 Euston Road, London, 
-W.1. 


FOR SALE. Wiedemann type R.4 hand-operated turret 
punching machine with twelve stations. Steel plate con- 
struction. Fitted with punches and dies from } in. to 
1} in. diameter. Capacity § in. diameter holes through 
% in. thick, or 1} in. diameter through 14 s.w.g. Depth of 
gap toframe, 24in. Photo, etc., from F. J. Eowarps Lrp., 
359 Euston Road, London, N.W.1. 


FOR HIRE. 


FOR HIRE. Lattice steel erection masts (light and 
heavy), 30 ft. to 150 ft. high, for immediate hire. Bert- 
MAN'S, 21 Hobart House, Grosvenor Place, London, S.W.1. 


Ix CONCRETE 
“ CONCRETE SERIES ” 


Detailed prospectuses sent on — 
the latest edition or impression 


Reinforced Concrete. BAKER. 
15s.; by post 16s. 3d. ($3°50.) 

Prestressed Concrete. MAGNEL. 1954. 350 pp. 
20s.; by post 21s. 4d. ‘Customers in America 
must obtain the American edition from McGraw- 
Hill Book Company, Inc., New York 36, and 
Toronto. 

Ultimate Load Theory Applied to the Design of 
Reinforced and Prestressed Concrete Frames. 
BAKER. 1956. 18s.; by post 19s. ($4.) 

Theory and Practice of Structural Design Applied to 
Reinforced Concrete. ERIKSEN. 1953. 408 pp. 
25s.; by post 26s. 2d. ($5-50.) 

Explanatory Handbook on the B.S. Code of Practice 
for Reinforced Concrete. Scott, GLANVILLE, and 
THoMAS. 1950. 128 pp. 9gs.; by post gs. 8d. 
($2-10.) 

The Elements of Reinforced Concrete Design. 
ADAMS. 1950. 154 pp. 6s.; by post 6s. 8d. 
($1-50.) 

Analysis of Structures. Smo tra. 
18s.; by post 19s. ($4.) 

Design of Prismatic Structures. AsHDOWN. 
64 pp. 8s.; by post 8s. 6d. ($1-90.) 

Design and Construction of Reinforced Concrete 
Bridges. Lecat, Dunn, and Fatruurst. 1948. 
528 pp. 30s.; by post 31s. 9d. ($6-80.) 

Reinforced Concrete Designer’s Handbook. Rery- 
NOLDS. 1954. 360 pp. 18s.; by post r1gs. 
($4.) 

Examples of the Design of Reinforced Concrete 
Buildings. REYNOLDS. 1952. 224 pp. 10S.; 
by post ros. 10d. ($2-40.) 

Reinforced Concrete Water Towers, Bunkers, Silos 
and Gantries. GRAY. 1953. 224 pp. 12S.; 
by post 12s. 10d. ($2-80.) 

Reinforced Concrete Reservoirs and Tanks. Gray. 
1954. I76pp. 12s.; by posti2s.10d. ($2-80.) 

Reinforced Concrete Piling. WrNTWORTH-SHEILDS 
and Gray. 1948. 128 pp. 10s.; by post 
10s. 8d. ($2°40.) 

Reinforced Concrete Chimneys. 
NER. 1948. 64 pp. I0S.; 
( $240.) 

Arch Design Simplified. Famrnurst. 1954. 
pp. 12s.; by post 12s. 9d. ($2-80.) 

Sheet Piling, Cofferdams, and Caissons. Leer. 
200 pp. 10s.; by post 11s. ($2-40.) 
The Displacement Method of Frame Analysis. 
MANNING. 1952. 128 pp. Price 9s.; by post 

gs. 8d. ($2-10.) 

Continuous Beam Structures. A DerGrREE oF 
Fixity METHOD AND THE METHOD OF MOMENT 
DISTRIBUTION. SHEPLEY. 1950. 122 pp. 
8s. 6d.; by post gs. 2d. ($2.) 

Statically Indeterminate Structures. 
(New Edition 1957.) 

Road Bridges in Great Britain. (Descriptions of 96 
reinforced concrete bridges.) 1951. 168 pp. 
s.; by post gs. 8d. ($2-10.) 

Raft Foundations : The Soil-Line Method. Baker. 
1948. 150 pp. 8s.; by post 8s. 8d. ($1-90.) 
Design of Arch Ribs for Reinforced Concrete Roofs. 
TERRINGTON. 1957. 28 pp. 4s.; by post 

4s. 4d. ($1.) 

Design of Domes. TERRINGTON. 1957. 
4s.; by post 4s. 4d. ($1.) 

Design of Pyramid Roofs. Trrrincton. 
20 pp. 48.; by post 4s. 4d. ($1.) 


1949. 304 pp. 


1955- 176 pp. 


1951. 


TAYLOR and Tur- 
by post ros. 8d. 


68 


1949. 


GARTNER. 


28 pp. 
1957- 
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BOOKS on CONCRETE and CEMENT 


The dates are the year of publication of 


rices in Canada and U.S.A. are given in dollars 


Influence Lines for Thrust and Bending Moments in 
the Fixed Arch. ERIKSEN. 1955. 25 pp. 4S.; 
by post 4s. 3d. ($1-00.) 

Design and Construction of Concrete 
SmitH and GRIGSON. 1946. 168 pp. 
by post gs. 6d. ($2.) 

Estimating and Cost Keeping for Concrete Structures. 
WYNN. 1949. 222pp. 158.; by post 15s. 10d. 
($3-50.) 

Design and Construction of Formwork for Concrete 
Structures. WYNN. 1956. 302 pp. 24s.; by 
post 25s. 4d. ($5°25.) 

Construction with Moving Forms. Hunter. 
64 pp. 78. 6d.; by post 8s. ($1°75.) 

Concrete Farm Structures. PENNINGTON. 
152 pp. 12s.; by post 12s. 10d. ($2-80 

Concrete Construction. REYNOLDs. 1950. 488 pp. 
15s.; by post 16s. 6d. ($3-50.) 

How to Make Good Concrete. Watsx. 
128 pp. 8s.; by post 8s. 10d. ($1-90.) 

Introduction to Concrete Work. CuILpE. 
144 pp. 3S.; by post 3s. 3d. ( $0-80.) 


Steel Reinforcement : Cutting, Bending, and Fixing. 
DISNEY. 1954. 74 pp. 6s.; by post 6s. 6d. 
($1-50.) 

Concrete Surface Finishes, Rendering and Terrazzo. 
Gray and CHILpE. 1948. 128 pp. 8s. 6d.; 
by post gs. 2d. ($2.) 

Concrete Construction Made Easy. Turner and 
LAKEMAN. 1948. 118 pp. 5s.; by post 5s. 6d. 
($1-25.) 

Elementary Guide to Reinforced Concrete. 
MAN. 1950. 96 pp. 35.; 
($0-80.) 

The Concrete Year Book. A Handbook, Directory 
and Catalogue. Edited by FaBEer and CuHILpe. 
Revised every year. 10s.; by post 11s. 6d. 
($2-40.) 

Concrete Houses and Small Garages. LAKEMAN. 
1949. 156 pp. 8s. 6d.; by post gs. 6d. (§2.) 

Concrete Products and Cast Stone. CuHiLpe. 1949. 
272 pp. 8s. 6d.; by post gs. 9d. ($2.) 

Moulds for Cast Stone and Concrete Products. 
BurRREN and Grecory. With designs for gar- 
den ware. 1957. 96 pp. 6s.; by post 6s. 6d. 
( $150.) 

Manufacture of Concrete Roofing Tiles. Baum- 
GARTEN and CHILDE. 1947. 96 pp. 7s. 6d.; 
by post 8s. ($1°75.) 

Concrete Fences. PENNINGTON. 
s.; by post 6s. 6d. ($1-50.) 
Estimating and Costing Precast Concrete Products 
and Cast Stone. Fir_pDER. 1947. 140 pp. 
7s. 6d.; by post 8s. ($1°75.) 

Portland Cement. Davis. 1948. 
by post 31s. 6d. ($6-80.) 

Cement Chemists’ and Works Managers’ Handbook. 
WaTSON and CRADDOCK. 1952. 228 pp. 25s.; 
by post 26s. ($5°50.) 

Concrete and Constructional Engineering. Price 
1s. 9d. monthly. Annual subscription 21s. 
($3°90.) 

Concrete Building and Concrete Products. Price 
6d. monthly. Annual subscription 6s. ($1-30.) 

Cement and Lime Manufacture. Price 1s. Alter- 
nate months. Annual subscription 6s. ($1-30.) 


Roads. 
8s. 6d. ; 


1951. 


1954. 
) 


1955. 


1952. 


LAKE- 
by post 3s. 4d. 


1950. 64 pp. 


340 Ppp. 308. ; 





CONCRETE PUBLICATIONS LIMITED, 


14 DARTMOUTH ST., LONDON, S.WI. 
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ENTOR © 


Tentor Bars have been proved the most efficient 
and economical medium for concrete reinforce- 
ment. Their acceptance by reinforced concrete 

engineers has been ready and widespread. 
The Tentor bar owes this success to two main 
factors—lower costs and a first class delivery 
service. It is very economical because of high 
Standards of tensile and bond strength, 
effecting a saving of up to 15% of the cost 
of Plain Rounds. It is backed by a de- 
livery service programmed to meet 
contract requirements, supplying 
bars cut to length or bent to 

schedule. 
Reinforced concrete framed winding 
engine house at Hem Heath Colliery. 
"Architect: W. A. Woodland Esgq., 
F.R1IB.A., Divisional C 
‘Architect, West Mi 
Division, National Coal 
Board. 

Reinforced concrete en- 
gineers: Matthews & 
Mumby Limited. 
Contractors: R. 


John Addison 
& Sons Lid, 


43 Upper Grosvenor Street, London, W.1. 
Telephone : GRO 8101 
Tentor is manufactured by 


GUEST KEEN & NETTLEFOLDS (SOUTH WALES) LIMITED CARDIFF - McCALL & CO. (SHEFFIELD) 
UMITED TEMPLEBOROUGH SHEFFIELD . THE UNITED STEEL COMPANIES SHEFFIELD 
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Specialists in Reinforced Concrete Design 
and Suppliers of Reinforcement, with 
Design and Branch Offices strategically 
placed throughout the British Isles 


are vacancies “a 

for experienced 
engineers in several 
of our design offices. 


The British Reinforced Concrete Engineering Co. Ltd., Stafford 


M-W-791 
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